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INTRODUCTION. 
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It is about thirty years since the Author's attention 
was especially directed to the subject of Bridge 
Construction ; and, his Original Essays published 

in 1847, are believed to have aided considerably 
toward establishing the foundation upon which a 
knowledge of the principles involved, and the con- 
ditions required in the proper construction of Truss 
Bridges, has been built up, and carried to a high 
state of advancement. 

However that may be, the flattering terms in 
which his former labors in the premises have often 
been referred to, as well as the frequent applications 
for copies of hiQ .J&iriiier .jgxiblicatipn, since the 
supply became : '•exhausted/ have ^prompted the 

issue of the present -\i)lii3a4« 

This work inculcates: the same development of 
General PRiNCiriElS,- Md treats of essentially the 
same General Plans, Combinations, and proportions 
for bridge work, as were discussed and recom- 
mended in its humble predecessor; with such 
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IV Introduction. 

additions and improvements as subsequent experi- 
ence and observation have enabled the Author to 
introduce. 

The design has been to develop from Funda- 
mental Principles, a system easy of comprehension, 
and such as to enable the attentive reader and 
student to judge understandingly for himself, as 
to the relative merits of different plans and combi- 
nations, and to adopt for use, such as may be most 
suitable for the cases he may have to deal with. 

It is hoped the work may prove an appropriate 
Text Book upon the subject treated of, for the 
Engineering Student, and a useful manual for the 
Practicing Engineer, and Bridge Builder. But as 
to this, the decision must be left to those into whose 
hands it may fall; and to that arbitrement, with- 
out further remark or explanation, it is respect- 
fully submitted. 
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PRELIMINARIES. 

L A bridge is a structure for sustaining the weight 
of carriages, animals, &c., during their transit over a 
stream,, gulf or valley. 

Bridges are constructed of various plans and dimen- 
sions, according to the circumstances and objects re- 
quiring their erection ; and it is the purpose of this 
work, after a few remarks upon the general nature and 
{)rinciples of bridges, to attempt some analyses and 
comparisons of the respective qualities and merits of 
various general plans, with a view of deducing practi^ 
cal results, as to a judicious and economical choice and 
application of materials in the construction of these 
useful and important structures. 

n. The force of gravity, on which the weight of 
bodies depends, acts in vertical lines, and consequently, 
a heavy body can only be prevented from falling to the 
earth, by a force equal and opposite to that with which 
gravity impels the body downward. This resisting 
force must not only act vertically upward, but the line 
of its action must pass through the centre of gravity of 
the body it sustains. Ail the forces in the world, act- 
ing parallel with, or perpendicular to, the vertical pass- 
ing through its centra of gravity, eould not prevent a 
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i Bridge: Building. 

inasket ball (concentrated to the point of its centre of 
gravity) from falling to the centre of the earth, unlese 
it were a horizontal force capable of giving the ball a 
projection, such that the centrifugal tendency should 
equal or exceed gravity — a kind offeree which could 
never be made available toward preventing people from 
falling into the water in crossing rivers ; consequently^ 
having no application in bridge building. 

In fact, nothing but a continuous series of unyielding 
material particles, extending from an elevated body 
downward to the earth, can hold or sustain that body 
above the earth, by vertical and horizontal action 
alone, either separately, or in combination. 

m. Suppose a body, no matter how great or small, 
placed above the earth, with a deep void, or an inac- 
cessible space beneath it. Attach as many cords to it 
as you please, strain them much or little — only hori- 
zontally — the body will fall, nevertheless. Thrust any 
number of rods, with whatever force you may, hori- 
zontally against it; still the body will fall. This is 
obvious from the fact that horizontal forces, acting at 
right angles with the direction of the force of gravity, 
have no more tendency to prevent, than to promote 
the fall of the body. 

Moreover, the space beneath being inaccessible, 
there is no foundation, or foot hold, upon which to 
rest a post pr stud that may directly resist the action 
of gravity, while the lines of all other vertical forces or 
resistances, pass by the body without touching it. 

In the case here supposed, the body can only be pre- 
vented from falling by oblique forces ; that is, by forces 
whose lines of action are neither exactly horizontal, 
Dor exactly perpendicular. Attach two cords to the 
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body, draw upon them obliquely upward and outward, 
in opposite directions, or from opposite sides of the 
void, with a certain stress, and the body will be sus- 
tained in its position. Apply two rods to it obliquely 
upward, of a proper degree of stifthess, in the same 
vertical plane, and on opposite sides of the perpendicu- 
lar, a certain thrust exerted upon those rods, will pre- 
vent the descent of the body. 

rV. Here, then, we have the elementary idea — the 
grand fundamental principle in bridge building. What- 
ever be the form of structure adopted, the elementary 
object to be accomplished is, to sustain a given weight 
in a given position, by a system of oblique forces^ whose 
resultant shall pass through the centre of gravity of the 
body in a vertically upward direction, in circumstances 
where the weight can not be conveniently met by a sim- 
ple force, in the same line with, and opposite to, that 
of gravity. 

For a more clear illustration of this elementary idea, 
let us suppose a a\ Fig. 1, to represent the banks of a 
river, or the abutments of a bridge ; and gg\ the line 
of transit for carriages, &c. ; and, let us further suppose 
a load of a certain weight, i«7, to have arrived at a point 
centrally between a a!. The simplest method of sus- 
taining the^ weight is, perhaps, either to erect two ob- 
lique braces aw?. . aho^ or suspend two oblique chains 
or ties pw?, p'w?, from fixed supporting points a a', ovpp'. 

It is not necessary that the weight be at the angular 
point M?, of the braces or chains, but it may be sustained 
by simple suspension at w' below, or simple support at 
tt?" above, and such obliquity may be given to the braces 
or chains as may be most economical ; a consideration 
which will be taken into account hereafter. 
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Y. Thns we see how a weight may be sQstained cen« 
tnily between the banks of a river, or the extremities 
of a bridge. But the stractore must not only provide 
for the support of weight at this point, but also at every 
other point between a a', ovg^ ; and it is obvious that 
the same plan and arrangement will apply as well at 
any other point as at the centre, with only the variation 
of making the braces or chains of unequal length. 

FiQ. 1. 




This, however, would require as many pairs of braces 
or chains as there were points between g g\ a thing, 
of course, impracticable, since the oblique members 
would interfere with one another, and be confounded 
into a solid mass. We therefore resort to the transverse 
strength and stiffness of beams, — phenomena with 
which all have more or less acquaintance, and without 
digressing in this place to investigate their principles 
and causes, it will be assumed as a fact sustained by all 
experietice, that, for sustaining weight between two 
supporting points upon nearly the same level, a simple 
beam affords the most convenient and economical 
means, until those points exceed a certain distance 
asunder, which distance will vary with circumstances ; 
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but in bridge building, will seldom be less than 10 to 
14 feet, where timber beams are employed. HenoOi 
for bridges of a length of 12 to 14 feet, usually, nothing 
better can be employed than a structure supported by 
longitudinal beams, with their ends resting upon abut* 
ments or supports upon the sides of the stream. 

Of course, no reference is here had to stone or brick 
arches. For, though these are advantageously used 
for short spans, and in deep valleys, where the ex- 
pense of constructing high abutments for supporting a 
lighter superstructure, would exceed or approximate to 
that of constructing the arch, it is the purpose of this 
work to speak only of those lighter structures, com- 
posed mostly of wood and iron, and supported by abut- 
ments and piers of stone, or by piles, or frames of wood. 

Having then adopted the use of beams for supporting 
weight upon short spaces, it is only necessary upon 
longer stretches, to provide support for a point once 
in 10 or 14 feet, by braces, Ac, from the extremities; 
and for intermediate points, to depend on beams or 
joists extending from one to another of the principal 
points provided for as above.* 

VI. For a span of 20 or 30 feet, it would seem that 
no better plan could be devised, than to support a 
transverse beam midway between abutments, by two 
pairs of braces or suspension chains, proceeding from 
points at or over the abutments, one pair upon each 
side of the road- way ; this transverse beam affording 
support for longitudinal beams or joists extending 



* It is susceptible of easy demonstration that the power of beams to 
sustain weight by lateral 'stiffness, forms no exception to the principlo 
that oblique forces alone can sustain heavy bodies over inacces^ble 
spaces. But this matter is deferred for the present. 
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therefrom to the abatments. When sospension chaina 
are used, it may properly be called a suspension bridge. 
If braces be employed, it is usually termed a truss-bridge. 



Horizontal Action of Oblique Members. 

Yii. Before advancing further, it will be proper to 
refer to an important principle or fact which has not 
yet been taken into account, though a fact by no means 
of secondary interest. 

The sustaining of weight by oblique forces, gives rise 
to horizontal forces, for which it is necessary to provide 
counteraction and support, as well as for the weight of 
the structure and its load. The two equal and equally 

inclined braces, ac and be. Fig. 
2, in supporting the weight w 
at c, act in the directions of 
their respective lengths, each 
with a certain force, which is 
equivalent to the combined 
action of a vertical and a hori- 
zontal force, {Elementary Mechanics — Statics,'] which 
may be called the vertical and horizontal constituents 
of the oblique force. These two constituent forces 
bear certain determinate relations to one another, 
and to the oblique force, depending upon the angle 
at which the oblique is inclined. 

Now, we know that the vertical constituent alone 
contributes to the sustaining of the weight, and conse- 
quently, must be just equal to the weight sustained, in 
this case equal to ^w. We know moreover, from the 
principles of statics, that three forces in equilibrio, 
must have their lines of action in the same plane, and 
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meeting at one point; and must be respectively pro- 
portional to the sides of a triangle formed by lines 
drawn parallel with the directions of the three forces; 
and that each of the three forces is equal and opposite 
to the resultant of the combined action of the other 
two. We have, then, at c, the weight J w?, the oblique 
force in the line ac, and a third force,'equal and oppo» 
site to the horizontal constituent of the oblique force 
in the line ac. Then, letting fall the vertical dc^ and 
drawing the horizontal ad, the sides of the triangle acd^ 
are respectively parallel with the three forces in equili- 
brio at the point c. Hence, representing the vertical 
cdj by i\ the horizontal ady by A, and the oblique by o ; 
and calling the horizontal force a;, and the oblique 
force, y, we have the following proportions : 

Jm? : z : : V : hy whence, x =» Jw?— 




(2). ^w : y : : V : Oy whence, y = Ju?- 

But ^w equals the weight sustained by the oblique 
ac. Therefore, from the two equations above deduced, 
wo may enunciate the following important rule : 

The horizontal thrust of an oblique brace, equals the 
weight sustained, multiplied by the horizontal and 
divided by the vertical reach of the brace ; and the 
direct thrust (in the direction of its length), equals the \ 

weight sustained multiplied by the length, and divided 
by the vertical reach of the brace. 

Vin. Now, it is obvious that the brace exerts the 
same action, both vertically and horizontally, at the 
lower, as at the upper end, though in the opposite 
directions; the brace being simply a medium for trans- 
mitting the action of weight from the upper to the 
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lower end of the brace. HeDce, the weight BDstainod 
by the brace ac^ exerts the same vertical pre?<8Qre at 
the point a, as it would do if resting at that point, 
while the brace requires a horizontal resistance to pre- 
vent its sliding to the left, as would be the case if its 
foot simply rested upon a smooth level surface. This 
horizontal resistance may be provided by abutments 
of such form, weight, and anchorage in the earth, as to 
enable them to resist horizontally as well as vertically, 
or by a horizontal tie, in the line a6, connecting the 
feet of opposite braces. 

These two methods are both feasible to a certain ex- 
tent, and in certain cases ; and, both involve expense. 
Under particular circumstances, it may be a question 
whether the former. should not be resorted to, wholly 
or partially. But for general practice, in the construc- 
tion of bridges for heavy burthens, such as rail road 
bridges, and especially iron truss bridges, where expan- 
sion and contraction of materials produce considerable 
changes, it is undoubtedly best to provide means for 
withstanding the horizontal action of obliques, within 
the superstructure itself; and this principle will be ad- 
hered to in the discussions following. 

The preceding remarks and illustrations as to the ac- 
tion of braces, or thrust obliques, obviously apply in 
like manner to obliques acting by tension, with only 
the distinction, that in the latter case, the weight is 
applied at the lower, and its action transmitted to the 
upper end of the oblique, and the horizontal action (at 
the remote end), is inward, and toward the vertical 
through the weight, instead of outward ; and conse- 
quently, must be counteracted by outward thrust, as 
by a rigid body between the points p /)', Fig. 1, or by 
heavy towers, and anchorage capable of withstanding 
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the inward tendency. Hence, in applying the rule be- 
fore given, to tension obliques^ and their vertical and 
horizontal constituents, the word pull should be sub* 
Btituted for the word thrust^ wherever the latter occurs 
in said rule. 
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TWO PANEL TRUSSES. 

IX. There are three forms of truss adaptable to 
bridges with a single central beam or cross bearer 

(which may be called two 
panel trusses), the general 
characteristics of which, 
are respectively repre- 
sented by Figures 3, 4 and 
5. Fig. 3 represents a 
pair of rafter braces, with 
feet connected by a horizontal tie, and with a vertical 
tie by which the beam is suspended at or near the 
horizontal tie, or the chord, as usually designated. 

For convenience of comparison, let 6d=i?,= ],= ver- 
tical reach of oblique members in each figure. Also, 
let each chord equal 4i?, = 4, and the half chord = 2 =* 
h =■ horizontal reach of obliques in Figs. 3 and 4. Then 
flrf, Fig. 8, equals \/h^+v^ -» V6, and if the truss be 
loaded with a weight Wy at the point 6, bd will have a 
tension equal to w^ and abc^ [see rule at end of Sec. 
Vn], a tension equal to Jw;, ( = weight sustained by act), 
multiplied by the horizontal, and divided by the ver- 
tical reach of ad ; that is, equal to J lo^, = Jm? f , = w; 
while ad suffers compression from end to end, equal to 
1 10^. But ad = i/5, and r — l. Whence ^lo^ =» 
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Now, as the cross-section of a piece, or member, ex- 
posed to tension (or to thrust, when pieces are similar 
in figure), should be as the stress, it follows that the 
weight of esioh such member should respectively, be as 
the stress sustained, multiplied by the length, + an ad- 
ditional amount taken up in forming connections; which 
latter, for purposes of comparing the general economy 
of difterent plans, may be neglected. 

X. Then, representing by m, the amount of material 
required to sustain a stress equal to w^ with a length 
equal to bdy = 1, we have only to multiply the stress 
of a member in terms of Wy by the length in terms of 
bdy or Vy and change i(? to m, to obtain the amount of 
material required for the member in question, omitting 
the extra amount in the connections. Hence, the 
length of the vertical tie bdy being equal to 1, and hav- 
ing a stress equal to Wy requires an amount of material 
equal to 1m. 

For the horizontal tie, or chord, length = 4, and 
stress (as seen above), = Wy whence material « 4m. 
This added to 1m, required for the vertical, makes a 
total of 6m, for material exposed to tension in truss 3. 

The two thrust braces, as already seen, sustain com- 
pression equal to ^W\/5y which multiplied by length, 
^/5, and w changed to m, give material = | m, for each, 
or 5 M, for the two. 

XL In the case of truss Fig. 4, the obliques mani- 
festly sustain a weight = ^w, by tension, giving stress = 
iw \/6y which multiplied by length, = V'S, gives |m = 
material for each, and 5m, for the two. The compres- 
sion of kiy equals ^wxh = ^iox2 = ?/j, while the length =s 
4, whence, material = 4m; and, each end post sustain- 
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'^^g i^> with length = 1, the two require material =m, 
making the whole amount of thrust material =» 5m. 

Thus we see that the two plans require each the 
same precise amount of material for sustaining both 

tension and thrust, upon 
the supposition that the 
material is capable of sus- 
taining the same stress to 
the square inch of cross- 
section, in the one plan as 
in the other. This is true 
as to tension material ; but with regard to thrust mate- 
rial, the power of withstanding compression, varies with 
the ratio of length to diameter of pieces, as well as with 
the form of cross-section ; and it will hereafter be seen, 
that in this respect, plan 3 has the advantage in having 
the compression sustained mostly bv shorter pieces, 
unless Id be supported vertically and laterally by a stiff 
connection with the beam at/, which would increase 
the amount of material. 

XH. Plan Fig. 5 has three members (?w, mp and mq) 
exposed to tension, and the remaining three exposed, to 

compression. With the 
same length and depth 
of truss, and the same 
load = w, at m, and with 
obliques equally inclined 
(at 45°), it is manifest that 
the vertical and horizon- 
tal reaches, each for each, is equal to 1, and the length, 
equal to \/2 ; while the weight sustained by each equals 
^w. Hence, the action (of tension or compression), 
equals Jw?V'2, and the ma,terial equals J^/2x^/2.m =■ 1m, • 




\ 
I 
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making for the four pieces, 2m for tension, and 2m for 
compression. 

The tie or chord Zw, suffers tension eqnal to the hori- 
zontal constituent of the thrust of g?, manifestly equal 
to the weight sustained by ql, or equal to J w. There- 
fore, the length being equal to 4, the material required 
in its construction, equals 2m. The remaining mem- 
ber pq (= 2) sustains compression equal to the com- 
bined horizontal constituents of the tension of 7??y, and 
the compression of ql^ each of said constituents equal 
to iWy making compression ofpq, equal to W7, and length 
being 2, material =» 2m 

We have therefore, for this plan of truss, 4m, for 
thrust material, and 4m for tension material, which is 
J less than in case of Figs. 3 and 4. Consequently, 
this plan is decidedly more economical than either of 
the others, unless the compression material acts with 
better advantage in the latter than the former ; that 
is, unless the thrust members in 3 and 4, have a greater 
power of resistance to the square inch of cross-section, 
than those in Fig. 5. 

Xnr. As to this, both theory and experiment prove, 
as will be shown in a sijbsequent part of this work, 
that the long thrust members in bridge trusses, are 
liable to be broken by deflection, rather than by a 
crushing of the material ; that in pieces with similar 
cross-sections, with the same ratio of length to diameter, 
the power of resistance to the square inch is the same. 
That, since the cross-section is as the square of the di- 
ameter, and the diameters (in similar pieces), as the 
lengths, the absolute powers of resistance (being as the 
cross sections), are as the squares of the lengths. 
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Hence, if the compressive forces acting upon two 
pieces of different lengths, be to one another as the 
squares of the lengths of pieces respectively, and the 
diameters be as the lengths, the forces are as the cross- 
sections, and proportional to the power of resistance in 
each case, and the material in the two pieces, acts with 
equal advantage, as far as regards cross-section, so that 
the products of stress into length of pieces, are the true 
exponents of amount of material required in the two 
pieces respectively. It follows, that, if on dividing the 
forces acting upon the pieces in question respectively, 
by the squares of the lengths, the quotient be the same 
in both cases, the two pieces have the same power of 
resistance to the square inch, and in general, the greater 
the value of such quotient, the greater the power per 
inch, and the greater the economy, though not neces- 
sarily in the same precise ratio. 

XIV. Applying this rule to thrust members in plan 
Fig. 3, being the braces, the compressive force equals 
Jm?\/5, and square of length = 5. Hence the quotient 

The piece ki Fig. 4, has length =4 and compressionss 
Wy whence, force divided by square of length gives j\w 
= O.062o?^7. This shows the material to be capable of 
sustaining much more to the square inch in the former, 
than in the latter case, though it does not give the 
true ratio. On the other hand, ek and giy with length 
« 1, and stress = Jm?, give quotient = ^w = 0.5w» 
Hence, with similar cross-sections, these parts have 
greater power to the inch than either of the former, but 
not enough to balance the inferiority of fa', as compared 
with ad and dc, in Fig. 3. 
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With regard to truss Fig. 5, ql and pn, suffer each 
compression equal to J?(?s/2, with square of length =» 2, 
giving quotient ■■ lw\/2y = 0.371u?, while pq^ has com- 
pression ■■ w^ and square of length =» 4, and quotient 
«■ |i() «a0.25m. Ilonoe it appears that this plan not 
only possesses a decided advantage in the less amount 
of action* upon materials, but also, a considerable ad- 
vantage as to ability of compression, or thrust njembers, 
to withstand the forces to which they are exposed. 

XV» Still another modification for a truss to support 
a single beam, is formed by reversing Fig. 3, thus con- 
verting tension members into thrust members, and vice 
w^rsii ; the oblique members falling below, instead of 
rising above the grade, or road-way of the bridge. In 
this case» the long horizontal thrust member at% is di- 
vided and supiK>rted in the centre, and its economy of 
action becomes the same as that of pqy in Fig. 5 ; and 
the truss gives the same exponents for both thrust and 
teujsion material as when in the position of Fig. 3. 
This arrangement affords no side protection, and is 
not always admissible, on aecoant of interference with 
the necessary open space beneath. 



DKDrcno^fSL 

3TL We seem to leam from what precedes, that : 

(1>. Sittce all heavy bodies not in motion toward, or 

itot approaching the centre of the earth (or receding 

from it under the iutiaence of previous impulse^ exert 

a pressure ei^ual to their respective weights [vui]. 



♦ By ^iie espf^^oD. Jtmi/nni jfjetum, is imeaai^ the sum vjf producw 
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either directly or indirectly upon the earth; and, since, 
a body crossing abridge, having (as bridges are always 
supposed to have), a void space underneath, preventing 
a direct pressure, it follows, that every such body exerts 
an indirect pressure at some point or points at greater 
or less horizontal distance from the body. 

(2). That the pressure of a body at a point or points 
not directly below it, can only take place through one 
or more intermediate bodies, or members, capable of 
exerting (by tension or thrust), one or more oblique 
forces upon the first named body, and it is the office 
of a bridge to furnish the medium of such horizontal 
transfer of pressure [iv]. 

(3. That a single oblique force can not alone prevent 
a heavy body from falling toward the earth (since two 
forces can only be in equilibrio when acting oppositely 
in the same line), and that each oblique force is equal 
to the combined action of a vertical and a horizontal 
constituent, of which the first alone is equal to the 
weight sustained and transferred by the oblique 
member, while the horizontal constituent, acting at 
both extremities of the oblique medium, must be coun- 
teracted by means outside of the oblique and the weight 
sustained by it ; which means are usually to be sup- 
plied by other members of the structure [viii], 

(4). The direct force exerted by an oblique member 
(in the direction of its length), is equal to the weight 
sustained, multiplied by the length, and divided by 
the vertical reach of the oblique, while the horizonta- 
constituent equals the weight sustained multiplied by 
the horizontal, and divided by the vertical reach of 
the oblique [vii]. 

(5). The amount of material required in a tension 
member, is as the stress multiplied by the length ot 
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the member [is] (disregarding extras in connectioDB) 
and the same is true of thrust members of similar 
formed eroBS-Bectious, sustaining stress proportional to 
the square of the length of pieces reapectively. 

(6). The respective etreaaes of two thrust members, 
divided by the squares of respective lengths, give quo- 
tients indicative of, though not proportional to, the re- 
lative efficiency of muterial in the tveo merabers, — the 
greater quotient showing the greater efficiency, or 
greater power of resistance to the square inch of ciobb- 
section [xin]. 

With these rules or prinoiplea in view, we may pro- 
ceed advantageously with general analyses and com- 
parisons of different plans, orsystems of bridge trusaiug, 
adapted to difi'erent lengths of span. 



THREE PANEL TRUSSES. 

XVn. In structures exceediDg25 or 30 feet in length, 
the length of joists from the centre to the ends, would 
require cross-eeetiona so great, to give them the requi- 
site stiffness, that their weight and cost would become 
objectionable. It becomes expedient, then, in such 
oases, to provide support for more than one principal 
point, or transverse beam, or bearer. A superstruct- 
ure from 30 to 40 feet long, may be constrncted with 
two cross beams, supported by two trusses with two 
pairs of braces each, with the feet connected by a hori- 
zontal tie or chord, as seen in Fig. 6. 

The cross beams, may be at t> b', or suspended at c 
and d, at eqnal horizontal distances from a a', and from 
one another; which latter position they will be re- 
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garded as occupying ia this instance. Or, the figure 
may be inverted, thus reversing the action of the several 
thrust and tension members. 

XVni. Another, and a more common form of truss 
for two beams, is shown in Fig. 7. These may be 
called three panel trusses. 





To compare these two trusses, suppose the two to 
have the same length and depth, and to be loaded with 
uniform weights, w, at the two points c and d in each. 
Then, since we know from the principle of the lever, that 
each weight produces upon each abutment, a pressure 
inversely as its horizotftal distance from thern respec- 
tively, and that the pressure upon the two abutments 
is equal to the weight producing it, it follows that aft. 
Fig. 6, sustains f m?, anji compression = f ^w. Hence 

ft 

making a6 = d,-... bc^Vy and ac^hy ... f^?^, becomes 

» 

I Eifi, and maltiplying this stress by length, =s d, and 

3 
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changingu;toM*,wehaveformaterialina6,...f- m. But 
d2=A2 + v\ whence f^M = \ (^| +?;) m = (| + f )m. 

Again, aV sustains \w^ with length = \/4F+^, and 
by multiplying and changing as in case of a6, we obtain 

material in ah\ =(^ + -|) m> which added to amount 

for «6, gives (^ + v) m for the two braces, and 

(ii' + 2?;)M for the four. 

The horizontal thrust oiah = ^m?— while that of aV 

1 ^(;^ = |i^^. Hence the horizontal thrust of ah and 



afc:— I m;— = tension of cua!^ and material for chord (w!^ 
equals 8 x |— m =— m. Tension of he and 6'rf, each, 

equals w?, and material for the two = 2i?M, which 
added to amount in aa', makes the whole tension 

material equal to(— +2y) m, being the same co-efficient 

of M as was obtained for compression. 

In truss Fig. 7, ...ah and a'6' (= d = \/P~+^), evi- 
dently sustain each a weight equal to lo, and a stress = 

^W~+l?io. Whence, material = (~ + i?) m for each, 



« 



V 



and ( - + 2v) M for both, while 66', equal to h, sustains 

compression equal to the horizontal thrust of at, equal 
to— w;, and requires material equal to — m, making, with 

amount in braces ah a!h\ (— + 2y) m. 

Now we have just seen that the horizontal thrust of 
aft, equal to the tension of chord aa\ equals— m?, and the 



* When « is used in the co-efficient of M, then M represents the pro- 
duct of the stress, in terms of w, by length according to any assumed 
unit, which may be equal to v or not. 
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length being 3A, the material consequently equals 
— M, to which add 2yM for verticals, and we have 

(J^ +2i?)m = whole amount of tension material in 

truss 7, which is less by ^ m, than in the case of truss 
Fig. 6. 

XIX. With regard to thrust material, it is clear that 
while in truss 6, the weight on either pair of braces, is 
transferred in due proportion to both abutments, inde- 
pendently of the other braces, whether one or both pair 
be loaded ; on the contrary, truss 7, when e only is 
loaded, must transfer \w to a', which can only be done 
through a'6', the only oblique member acting at the point 
a\ Moreover, the weight must be communicated to a'6', 
at the point 6', through the thrust of 6rf, and the tension 
of d6', assuming hd and ch' to be thrust members. Now, 
as either c, or d, is liable to be loaded with weight equal 
to M?, while the other is unloaded, it follows that both 
hd and ch* are liable to sustain weight equal to \w^ and 

require thrust material equal to J (— + i?) m for each, 
or (^^' + -^)m for the two. The whole amount of 
thrust material for truss 7, then, equals (— + 2 i;)m, 
(the amount found above) + (^ + S«^)m, equal to 
{^ + 2f i;)m, against (^+ 2i;)m for truss 6; the 

difference being (^^ f r) M. If this be a positive 

quantity, the balance is in favor of truss 7, and if nega- 
tive, in favor of tress 6, as regards amount of action 

on thrust material; while, if i^ — J v = zero, the 
amou^nt of thrust action is the same in both trusses. 
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Either of these suppositions may be true, according to 
the relative values of A and v. K A = V\/2, theni^ — 

iv^o. If A, be greater than i;i/2—- J--^|v is 

positive, and if h be less than V\/2, the value is nega- 
tive. But the amount is trifling in any probable rela^ 
tion of h and v, and may be disregarded in this general 
comparison. 

Calling then, the amount of action upon thrust mate- 
rial in the two plans equal, there is a probable advan- 
tage in favor of truss 7, as to efficiency of thrust 
material, while the latter truss, shows a positive advan- 
tage over truss 6 in amount of tension material, equal 
to {^ + 2v) — {^ -h 2i;) M = ^ M. This is equal to 

4m, when A •« 2i; = 2; which is in tolerable proportion 
for the trusses under discussion, and, substituting these 
values of A and v in the expressions of tension material 
in the trusses respectively, we have (16 + 2)m for truss 
6, and (12 + 2)m for truss 7, being about 28 J per cent 
more for 6 than for 7. 

The same diiFerence would appear with Fig. 6 in- 
verted, the thrust and tension action being the same 
in amount of each, only sustained by different mem- 
bers, thrust members in one case becoming tension 
members in the other. 



■»> 



FIVE PANEL TRUSSES. 

XX. Truss Fig. 7, may be increased in length and 
number of panels, by introduoiug additional panels 
between the end triangular panels, auvl the rectangular 
centre one either of an oblique form, as iu Fig. 8, which 
represents aa areh-triiss, ojr of a rectangular form as in 
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Fig. 10. The truss on the plan of Pig. 6, may be 
lengthened by introducing additional pairs of inde- 
pendent braces, as seen in Pig. 9. 



Fia. 8. 
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Por the analysis of these trusses, using the same no- 
tation as before, as far as applicable, that is, making 
V = verticals cky in 8 and 10, and equal to nn\ pm\ etc., 
in Pig. 9 ; A = aby= width of panel in each figure, = J 
whole chord; i^= uniform weights at the four bearing 
points in each, and m = weight of material required to 
sustain a stress equal to w, with length equal to 1 ; 
then, making lb ^^v in truss 8, it is obvious that the 
two abutments at a and / together sustain 4w, with the 
common centre of gravity of all the weights midway 
between abutments, whence each abutment sustains 
2Wj equal to weight sustained by aL The compression 

of al therefore equals ^m. But al = ^h? + ^v\ 

which substituted in last preceding expression, gives 

I v^A^ + j i?^w?,= compression of al Whence, multiply- 



ingby length, V/i^+^ya, and changing w to M, we 
have [—+l^v) m = material for al. 

The horizontal thrust of aZ, [xvi (4)] equals 
2 «(? A = —^, = tension of chord af. 

The oblique member Ik, sustains weight=2^? (through 
the vertical cA), and has a vertical reach = f i?, 
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whence it sufters compression equal io^ Wy =— i^?, =» 
8 y/ li^ + Iv^ w^ and requires material equal to (— + 

i^)M, while its horizontal thrust equals A. ?(?, B=J^w;,=i 

compression of A;i, by which it is contracted. The ma- 
terial required for fo', therefore,= — m. Material lor ig 

and gfy is the same as above found for al and Ik^ and, 
doubling those quantities, and adding amount just 

found for ki^ we obtain(— + 3|v) m, -= material in 

the whole arch. 

. The tension of the chord af (Fig. 8), has been seen 

to be equal to —u?, whence, multiplying by the length, 

5A, and changing w to M, we have i^ m, = material for 

chord. 

The 4 verticals sustain each, weight = w^ and the 
aggregate length being 3Ji?,... material = 3JyM. This, 

added to amount in chord, gives (•=— + 3J?^)m, = ten- 
sion material required to support a full uniform load, 
as above assumed. But since any number of the points 
«), c, 6?, e, are liable to be loaded while the others are 
unloaded, it is obvious that in such case, the arch will 
not be in eqnilibrio, the loaded points tending to be 
depressed, while the unloaded, tend to be thrust up- 
ward, nence the arch requires the action of the ob- 
liques, or diagonals, in the three quadrangular panels, to 
counteract such tendency; and, as will appear further 
on, these members will require material equal to about 
one-third of the amount required in the chord, thus in- 
creasing^ the amount of tension material for the truss to 

about(25^'+4J?;)M. 
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XXI. In truss Fig. 9, each brace obviously sustains 
a portion, a;, of the weight w^ which is to w^ as the 
horizontal reach of its antagonist, as to horizontal 
action, or its fellow and assistant vertically, is to the 
whole length of chord; that is, the weight x^ bearing 
at ??i, through mn'^ is to w^ as ns ioms] or, a: : i^ : : 4 : 5. 
Hence a: = |i£?. This, multiplied by the horizontal 
reach, equal to A, and divided by v, gives the horizontal 

thrust of the brace, equal to ^^w. 

Fig. 9. 




In like manner, mm/ sustains a weight x', which is to 
w^ Sisps to ms, i. e., x^ :w :: 3 : 5, whence x' = |w?, and 

thehorizontal thrust = | — u? = f-*^; and in general, 

the horizontal thrust of a brace in this kind of truss, 
equals w, multiplied by the product of the number of 
sections of chord at the right and the left of the point of 
application (of the weight), and divided by the whole 
number of chord-sections, and, by the vertical reach {v) 
of the brace. 

But the horizontal thrust oimn' equals that of n'5, =» 
that of m^ ,and the horizontal thrust of mm', equals that 
of m'5 = that of mw, whence, horizontal thrust of the 
4 braces bearing at m, equals twice that of mn' and 

mm', together, = 2 (| -J + f ^)?(? = ^lo = 4^w?. This 
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being equal to the tension of the chord, multiplying 
by length 6A, and changing w to m, gives material for 

chord = —M. Adding to this, 4yM, for 4 verticals 
with stress = Wy and length = t?, each, makes whole 
amount of tension material equal to (— +4i;)m, being 
very nearly the same as for truss. Fig. 8, 

XXIL As for braces in truss 9, we have already 
seen that each brace sustains weight equal to w, multi- 
tiplied by the number of panels crossed by its fellow, 
and divided by the number of panels in the whole 
truss. Hence mn' sustains ^w, with length equal to 

\^h^+vK Therefore, stress = | \//i^+v^Wy which' mul- 

tiplied by length, and w changed to m, gives material 
for mn' = |(^+ v)m, =* (i^ + -y-)M. mm' sustains 

^w with length = v^4A^ + v^j whence material =ss 
I [^+v)u, =(^V-^)m. mu sustains fM?. with length 

-\/9F+?^ and material equal8(^^'+-y-)M, while m/, 

sustains ^m?, with length = \^16h^+v^ requiring 
material = (^ + ~)m. Then, adding and doubling 

these amounts, we obtain(— +4?;)m, against ( — ' + 

3Jy)M, for truss 8 ; a difference of about 30.6 per .cent 
when h = v, and about 32.6 per cent when h — 2v. 

Thus, truss Fig. 8 has over 30 per cent advantage 
over truss Fig. 9, in the economy of amount of action 
upon thrust material, with the advantage as to efficiency 
of action of this material, undoubtedly, also on the side 
of truss 8. Tension material is nearly the same in 
both. 
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XXIIL If truss Fig. 9 be inverted, dropping the ob- 
lique members below the road-way of the bridge, thus 
reversing the action of thrust and tension members, the 
thrust material would act with nearly equal advantage 
in both plans, and with about the same amount ef 
action. But the 30 per cent advantage as to amount 
of action upon tension material, would still be in favor 
truss 8. Besides, it is only in exceptional cases that 
this arrangement can be adopted, on account of interfer- 
ence with the necessary space below the bridge. 

Fig. 10. 




XXIV. In truss Fig. 10, suppose the points 6, c, rf, e, 
to be loaded successively from left to right, with uni- 
form weights equal to w each, and suppose the truss to 
be without weight, as we have hitherto done. When b 
alone is loaded, ^w must bear at /, [xvni] which may 
be eflFected, either by tension of W, thrust of fc, tension 
of cA, thrust of kd, &c., by tension vertical and thrust 
diagonal alternately, till it reaches /; acting in its 
course upon 4 verticals, and 4 obliques, with a weight 
upon each, equal to ^lo. Or, the weight maybe trans- 
ferred by tension of bk^ ci and d^, and thrust of kCy id 
and gf. These alterna'tives are subject to the control 
of the builder, and he will form and connect the parts 
accordingly. Let it be assumed that the truss has ten- 
sion diagonals, and thrust uprights at c and d, while lb 

4 
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and eg are neceBsarily tension members in all cases, in 
practice. 

Again a weight, Wy at c, mn^t cause pressure equal 
to f w? at/, through tension of ci and dg^ and thrust of id 
land gf. This, with the ^w, from the weight at b, makes 
^w, acting on ci. But the weight at c, causes pressure 
equal to ^w at a, necessarily through tension of cl; 
and since cl and bk are antagonistic, the action upon 
one tending to produce relaxation of the other, it fol- 
lows that ^only one can act at the same time, unless 
unduly strained in the adjustment of the truss. Hence, 
the iWy which acts upon 6A, when b alone is loaded, is 
overbalanced by the | to, tending to act upon c/, on 
account of the load at c; and the result is, that bk is 
relaxed, the whole weight at 6, is necessarily sustained 
by bl and fe, and the ^w, which must by a statical 
necessity, bear at/, iu consequence of the loads at b 
and c, is all made up from the weight at c, leaving only 
^(jO of this weight to bear at a, through nl. Now, since 
it is obvious that all load at c, rf, or e, must contribute 
to the pressure at a, which can only occur through 
action upon cl, it follows that bk can only sustain the 
whole weight of |i(?, when the point b alone is loaded ; 
and consequently, that Jm? is the greatest weight that 
bk can ever be subjected to. 

Then, applying another weight, w, at d, it must add 
Iw to the pressure at/, through tension of dg and thrust 
of ^/; which last amount, added to -^w, communicated 
to dg through ci and id, makes ^w, as the weight sus- 
tained hy dg. But the weight at rf, also causes pres- 
sure at a, equal to f z^, which can only be done through 
action, or tendency to action upon dk, and since dk and 
ci are antagonists, only one can act at once, and that, 
only with a force equal to the excess of tendency to 
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action of the one, over that of the other. -N'ow we 
have seen that weights at b and c, tend to throw Iw 
upon cij while the weight at rf, tends to throw po upon 
dk. Hence, in these circumstances, ci only sustains 
^w, which is transferred to dg through thrust of idj 
while dk is relaxed, and the whole weight at rf, is sus- 
tained by dg; making, with the ^w from ci, just above 
mentioned, fw?, equal to the pressure due upon the 
abutment at/, on account of weights at 6, c and d. 

Lastly, a weight, Wy at e, tends to give pressure equal 
to ^TV at/, through eg and 5/*, and a pressure equal to J 
w at a, through ei, dk, etc. This latter tendency has 
the effect to diminish by Iw, the tendency of previously 
imposed weights, to throw ^w upon dg, reducing it to 
|i(7, and to neutralize the balance of ^w acting upon 
ci, after the imposition of the weight at d, leaving ci 
and dk both inactive, while eg sustains the whole weight 
applied at e, equal to w. 

Now, as we have seen, any weight at d or e, tends to 
throw action upon dk, thereby diminishing action upon 
ci, and since weight at b and c, both contribute to the 
stress of ci, it follows that the maximum action upon 
ci, occurs when b and c are loaded, and d and e, unloaded. 

For similar reasons, the maximum action upon dg, oc- 
curs when e alone is unloaded. 

The maximum weight sustained by lb, and eg^ is the 
weight applied directly at each of the points b and-tf, 
equal to w, and the maximum weights sustained by €i, 
dk, and cl, are the same as those sustained by ftA, ci and 
dgy each respectively, as just above determined ; while 
al and gf, both receiving action from weight on any 
part of the truss, obviously sustain their maximum 
weight, equal to 2w, under the full load of the truss. 
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The section ahj of the lower chord, suffers a stress 
equal to the liorizontal thrust of aZ, which of course, 
is greatest whenaZ sustains the greatest weight. This 
has just been seen to be equal to 2ii?, and occurs under 
a full load of the truss. Hence the greatest stress upon 

ab equals 2w — , and is communicated without change 

to bc^ bk being inactive when the truss is fully loaded. 
The section cd, suffers stress equal to the combined 
horizontal action ofal and fo, which must be greatest 
when this combined action is greatest. That is also 
under the full load of the truss. For, though Ic sus- 
tains ^w more weight when b is unloaded, the same 
cause relieves al of the amount of ^w. Consequently, 
the weight borne by the two, is |w? less in this case, 
than when the truss is fully loaded. The greatest com- 
bined weights, then sustained by al and fc, being equal 

to SWj the greatest stress of cd equals 3iv — . This is 

also the greatest compression suffered by the upper 
chord Ig, since the latter is also equal to the combined 
horizontal thrust and pull of al and Ic. The stress of 
this chord is the same throughout, because the obliques 
meeting at k and 2, are inactive when the truss is 
loaded throughout. 

The maximum compression upon ck and id, equals 
the greatest weight sustained by ci and dk^ already found 
to be equal to ^w. 

.XXV. Having thus ascertained the greatest weights 
sustained by the several oblique members, and the 
greatest stresses of the horizontals and verticals, we 
may deduce the required amount of material, or, per- 
haps more properly, the amount of action upon the ma- 
terial required for the truss, as compared with like 
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amount of action in trusses 8 and 9, thus : Max, 
weight on end braces, 2w X length\/A* + v^ — stress =« 

Hence, action upon material for the , ^, . 

two= (t-+ 4'')''- 

Max. weight on 2 verticals ^ ^w X 

length of the two (» 2y), gives IJvM. 

Max. stress of upper chord = Sw^ 

X length ( = 3A), gives amount xt 

of action = "^ 9 

Making total amount of action on .^^^a > 

thrust material = ("ir "^ ^^^^ ^ 

Aggregate max. weight on 6 tension 

diagonals = ^^w=iw. This by the 

length ( = \/A^ + y^), gives stress 

ss 4 2f?\/ A'* + ^' ; whence amount 

of action on material, equals ^"«^ "*" ' * 

2 tension verticals sustain each, IWy 

with length =■ i?, giving amount of 

action for the two = 2v M, 

Stress of middle section, lower chord 

=a Bw^y X length ( =■ A), gives 



7^ 



M. 



action ^ 

4 remaining sections, with stress = , 

2io^ X length ( =- 4A), give 8^M. 

Making whole amount of action on ^ ^i T 

tension material - V^S- + 6i?jM. 
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Syhoptical Statement is heqaro to Trdbsbs (Figs. 
8, 9 and 10. 
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Amotikt 


OF Action upon Matkrialb 
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10 




JVm,™. 
(=';il+4J,)si 

(JMl + toJM 

(j|^+6..)m 


Comj/rcniott. 

(JSL+sj,)» 

^JH1 + 4i,-)m 


(iSl + a. )» 



Making ft = t) — 1, the above table will be aa 
follows : 



, 24J« ISJM 428m 

, 24m 24m 48m 

. 2lM 181m.., SSJM 



A \ VL This shows very nearly the relative amoaDt 
of tension material required in the several plans; 
while, as previously stated, the amount of compression 
m.iteriul is not so nearly indicated by the lignrea and 
expressions giving the amotinl ofaelion (sum of stresses 
into lengths of pieces), as in case of tension members. 
The compression material in No. 8 (the arch truss), ia 
cndoubtedly more efficient in action than in eithercf the 
others, while that in Xo. 9, is unqnestionahly the least 
BO. In fact, this truss will he hardly considered aa 
|)os£«$siog ad\'antage3 of any kind, safficieut to induce 
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its adoption ; an^ it will not be considered in the dis- 
cussions and comparisons in regard to trusses of greater 
span, to which we may now proceed. 



i*»» 



TJlUSgES WITH myW PANEI-S. 
Th9 Arch Truss. 



3^XYIL In Fig. 11, let md^v, and h^ ah =-^. If 

each of the points 6, c, of, etc., be loaded with a weight 
equal to w, then, in order that the arch may be in equi- 
librio under the effects of these weights, without any 
action of the diagonals, it is necessary that each section 
of the arch have the saw horizontal thrust, since, if 
one section have a greater horizontal thrust than the 
one opposed to it at either end, the diagonals alone can 
sustain the surplus. And, that the sections may have 
the same horizontal thrust each must have a vertical 
reach (the horizontal reach being the same for all), 
proportional to[the weight (W) sustained by each. For 
illustration, horizontal thrust being equal to W-5, in 

order that this expression may represent a constant 
xjuantity, h remaining constant, v must be as W. 

Now, ml being horizontal, can sustain none of the 
weight acting at the point m, through the vertical vid\ 
hence mn must sustain a weight equal to w. This is 
transferred to no [viii], and in addition to the weight 
at Oy makes 2w sustained by no. The latter weight is 
in turn transferred to oa^ and, in addition to the weight 
at by makes 3u?, to be sustained by ao. The vertical 
reaches, therefore, beginning with ao, should be as 3j^ 
2 and 1 ; whence, ob should equal ^t?, and nc should 
equal fv. 
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The thrust of ao, then, equals 3m?-~, = 6m?.??., •» 
Qw \/^^ti2!; whence, amount of action 

on material* =» (5^ + 1Ji;)xm. 



V 



on 



Thrust of on, = 2m?4^, = 6w 

6m? \/^±i5!, and material = , (^ + %v)xm. 

Thrust of nm =m?!^ = 6m?^ =. 



V 



w-^^ 6w^, and material = 6-XM. 



V 



V 



6w \/^l±^, and material = (5^ + jt;)xM. 

Thrust of ml (= horizontal thrust 
of nm), = 

Adding these amounts, and repeating the first three, 
we have (i^ + 4|z;)xm, equal to amount of action 
upon the arch when fully loaded. 

Fig. 11. 
m 7 






The stress of the chord obviously equals the horizon- 
tal thrust of aOy equal to 3m?-£-, = 6w^; and is the same 



throughout, when the truss is fully loaded throughout. 
Hence, for the whole chord, we have, stress = 6w^ 
multiplied by length (=« 7A), and w changed to m, 
» 42^XM, representing the material required for the 

chord. 

The above are assumed, for the present, to be the 
greatest stresses that any part of the chord or arch can 



* By amount of action npon material, is meant the stress of a member 
multiplied by its length. 
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be subjected to, in any condition of the load ; Wj being 
the maximum weight for any one of the sustaining 
points, by Cj rf, &c. This is a point wo shall be better 
enabled to verify after considering the 



Stresses op Verticals and Diagonals. 

XXVni. As the diagonals do not act under a full 
load of the truss, the verticals must each sustain a ten- 
sion equal to m?, when the weights are applied at the 
chord; and, the diagonals acting by tension, serve, 
when in action, tO'diminish the tension of verticals, or 
to subject them to compression, but can never increase 
their action of tension. Hence, the maximum tension 
stress of each vertical equals w. 

In order to bring the diagonals into action, the truss 
must obviously be unequally loaded ; and, to determine 
the maximum stresses of the several diagonals respec- 
tively, we may begin by removing the weight at^ ; (see 
Fig. 11 A), and, to facilitate the process, leti^?" represent 
w divided by the number of panels in the truss (= 7 in 
this case), i. e., i^" = ^w. Then, the full load of the 
truss bearing with a weight of SWj =21ii?", at f, ... with 
load removed from g^ the bearing at z, equals 21i«7" — 
Qw^\ = 15m?" ; and produces a thrust upon ij equal to 

15m?" v^^!±i^. Then, taking Jj' by any convenient scale, 

on if produced, to represent the thrust of y (reduced to 
tt?" with a numerical coeflSicient, according to the pro- 
portions of the truss), and drawing qr parallel with fjy 
and meeting jk produced in r, it is obvious that the 
three forces acting at j, namely, the thrust of y and JA, 
and the tension of jQi, will be represented respectively 
by the sides of the triangle Jgr, parallel respectively 
with the directions of those forces ; and may be mea- 



u 
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sared by scale and di- 
viders, or calculated tri*- 
gonometrically. 

Now, it will be seen 
thatthegreaterthe pres- 
sure at tV ^^^ greater 
the thrust of y, repre- 
sented hy jq, and conse- 
quently, the greater the 
line j'r, representing the 
tension of fj. B ut the 
pressure at e, is mani- 
festly the greatest pos- 
sible in the case here 
supposed, except when 
the weightat^is wholly 
or partially restored, in 
which case the tension 
of j5 would be wholly 
or partially relieved. 
Hence, it follows that 
the maximum stress of 
j5', occurs when all th^ 
i^upporting points eic- 
cept ffy have their full 
load, and the pointy is 
without load. 

Taking, then, fs » 
yr, and drawing st par- 
allel with g/", st will re- 
present the horizontal, 
and/j(, thevertical effect 
(equal to 3w?'') of the 
action of j^ ; the former 
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effect beifigy in ^dditaon to the tenaion of / i^ resisted 
by the tetision of ^/^ while the latter is counteracted 
by the weight at /, and the tensioa of fk is thereby 
diminished, but not exhausted*. Bat if the weights 
were applied at the arch instead of the chord, then fk^ 
in this condition, would suffer compression represented 

by/i 

XXIX. If the.points g and/ be unloaded, the pres- 
sure at i is reduced to 10m?'', and the thrust of ij ^ lOu^'' 

v^AM4^. Then, taking jq' by the scale, to represent 

this quantity, and drawing g^r' parallel withj^, g^r', 
compared with the same scale, will give the stress of 
fj; from which, as in the preceding case, we obtain 
jfjf' ( =s 2M?"t), to represent the vertical effect of the ac- 
tion of jgf ; and, there being no weight at /, this force 

* Since tbe Vertical reacb of jk is f that of ij, and their vertical ac- 
tions (horizontal thrust, and horizontal reach beinff the same), as their 
feftpective vertical reaches, ^A; mast react downward at^, with f of the 
lifting force exerted by ij. Then, if a weight be suspended at g, by 
the vertical jg, equal to ^ of the weight bearing at i, the forces acting 
at j, through ij, jk, and jg, are in equilibrio. But if the weight at a 
be less than ^ of the pressure at i, the tendency of the pointy' is upward, 
and exerts a lifting force upon fj,. But the action of fj, brings intc? 
play horizontal reaction in jk, equal to that of ^, which gjivesjk a de- 
pressing action at ^*, equal to f of the lift of ^*. This depressing power 
oijki depends on forces acting directly or indirectly at k, and which 
go to make up part of the pressure at i. Hence, jk supports at the 
upper end, at k, first, |- of the weight bearing at *, in virtue of the 
horizontal thrust received through ij, and second, J of the other |r 
(when there is no weight at g), in virtue of the horizontal thrust com- 
municated through^. Now, g being alone unloaded, the bearing at 
f is 1526", of which, lOw' is received through ^A;, in virtue of horizontal 
thrust counteracted J)y ij. and f of the other 5w\ in virtue of horizontal 
ilirust coutiteracted oy j^, in consequence of the latter sustaining |of 
Qaid ^w\ Hence, j^ sustains ^ or i, while jk sustains |J, or | of all 
the weight bearing at i, when g alone is unloaded ; and Sw", therefore, 
is the maximum weight sustained by^'. 

f Since jg^ represents the action of ij, due to a pressure of 15^' at i, 
and 9*9', the action of ij, due to a pressure of lOw', it follows that ig^ 
***ife ; whence g'r' obviously equals |- qr, and/*' ==4/*- Consequently, 
ft' sslft. But ft represents the lift of fj, ^ ^w", whence ft' lepro- 
aents S^'. 
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is expended in .causing compression upon fk ; and is 
the measure of the greatest compression that member 
can receive through j^. But fk is also liable to com- 
pression, or a tendency thereto, from the tension of/? 
when / and ^, are loaded, or g alone, and the other 
parts unloaded. This, however, in the former case, 
will never equal the weight at /, and in the latter, the 
compression will not exceed that just found, resulting 
from action of fj ; as will be better iTnderstood here- 
after. 

Now, asjr' represents the thrust ofJA, if we take kOy 
on jA: produced, equal tojr', — raise the vertical t;a:« 
fi'y and join kx^ the line kx represents the resultant of 
the forces kv and ft (representing thrust of JA and /A); 
and xy^ drawn parallel with fe, represents the tension 
of Ae ;* This is the maximum stress of the diagonal ke, 

XXX. For, when the left half of the truss has more 
load than the left hand abutment is required by the 
statical law to sustain, it is clear that a part of the 
weight on the left, is transferred from left to right past 
the centre through dl\ that being the only member 
capable. of effecting the transfer. It is also clear, that 
such transferred weight, together with the weight at c, 
if any, is sustained by Ik and eft, and causes pressure 
at z, equal to the weight sustained by Ik and ek. Also, 
that this pressure at i, causes a horizontal thrust in y, 
which is all transferred to Ik (except when kg is in ac- 
tion), and gives a lifting power to Ik^ equal to J of that 
exerted by y (the vertical reach of the former being J 
that of the latter), that is, equal to J of the weight 

* The sides of the triangle kxyy being parallel with the directions 
of the thrust of Ik^ the tension of ek, and the resultant kx, of the> 
thrust of jA; and fk, which 4 forces are in equilibrio at the point k. 
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transferred by Ik and ek together. But the lifting 
power of Ik is further increased by J of the weight sus* 
tained byj^, which increases the horizontal thrust of 
Ik^ the same as a like amount sustained by ij ; also, by 
\ the weight sustained by ek; this member having 5 
times the vertical reach of Ik. Now, as each one of 
these items results from the weight transferred through 
Ik and eA, and is greater or less in proportion as the 
last named weight is greater or less (/ and g being un- 
loaded), since all the conditions are the same, except 
as to amount of weight, it must follow that the greatest 
stress of ek, is when / and g are unloaded, and all the 
other points 6, c, &c., are fully loaded — unless it be 
when /and g, or one of them, be wholly or partially 
loaded. But any weight at/, increases the thrust and 
lifting power of Ik, through increased action of ij and 
j] both, while it diminishes the amount sustained by 
ek and Ik, whence the action of ek, is diminished, anas- 
much as it transfers to k, a less proportion of a less 
weight. 

Again, weight applied at^y, while/ is unloaded, re- 
lieves the tension of /f, aud diminishes its lifting power 
represented by//' and vx, and if of sufficient amount, 
relaxes j^i, and brings tension upon gk\ so that, when 
the weight at g equals w, or 7m?", Ik has a lifting power 
= J pressure at i, less what is due to the horizontal pull 
oigk, plus, amount due to horizontal pull of ek\ while 
the weight bearing at k, equals 9m?" (being weight at 
e (= 7m?") + 2m?" through dl). Now if ek lifts as much 
as kg, Ik must have as great a horizontal thrust as ij, 
and be capable of lifting J 16m?" (= weight bearing at 
t), =5j2^" ; which taken from 9m?" bearing at k, leaves 
8Jm?" sustained by ek. Then it remains to be seen 
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whether (/A; sustains more than 8^10", so as to reduce 
the horizontal thrust o{ Ik below that of j)'. 

With the truss fully loaded except at the poibt/, ij 
sustainsverticaIly,16«(?",wheneeJA',havingthe8amehori« 
zontal thrust exerts a depressive force=f 16w'^*=10§if?", 
at J, leaving a balance of 5Jw", exerted by ij toward 
lifting the 7w'' at g. Hence, only If «<?" remains as the 
weight sustained hy gk. Therefore, the horizontal pull 
of eA, is not less than that of gk, the horizontal thrust 
of /A, is not less than that of y, and its lifting power, 
not less than 5J?<?", and ^k does not lift more than 8§w", 
nor as much as when/ and g are without load, as de- 
termined by the process above explained. 

XXXI. To determine the greatest stress to which 
rfHs liable, let the weights at e^fandg be removed. 
Then the pressure at z, due to the weights at 6, c and 
rf, equals 60?", that is, Iw^^ for weight at 6, 2w'^ for that 
at c, and 3/^" for that at d. We therefore takejj" oa 
ij produced, to represent the thrust of ij, produced by 
6m;" — draw g'V parallel with jgf, and from 5V fiud/t" 
(of course less than /if'), and having taken kv' on jk 
produced, equal to ^V", raise the perpendicular z;V = 
/i", and draw xy parallel with ek. Then, z'g^ repre- 
sents the tension of ek, from which we find ea", repre- 
senting the vertical thrust of el at its maximum. Also 
kg' represents the thrust of kl; and, having taken Id' 
on kl produced, equal to ky% raise the vertical dV, equal 
to ea/' from e', draw e'f, parallel with dl, and meeti.ng 
Im (produced, if necessary), in/, and e'f represents the 
tension of dL 

We have a short way of verifying the correctness or 
otherwise of the last result, since we know that, in the 
state of the load here assumed, 6i/;", is transferred from 
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the left to the right of the centre, necessarily through 
the tension of rfe, the only memher capable of perform- 
ing that office. Hence the tension of dl in this case, 
can be neither more nor less than what is due to a lift- 
ing power equal to 6m?". Then, taking dc/ on rfm, to 
represent 6u?", and drawing the horizontal c/b'^ we have 
rf*' to represent the tension of dl^ and, if e'f^dV, the 
result is probably correct. We know, moreover, that 
6w'^ is the ^greatest weight ever transferred past the 
centre of the truss, the left hand side having the great- 
est possible load, and the right hand side, the least 
possible. Therefore, db' represent s the maximum 
stress for dL which is equal to 6if?"^^iL_±-^ 

XXX II. If the points b and c alone be loaded, we 
know that %w" is transferred through t/Z, and there 
being no weight at d, this lifting force of dU must be 
sustained by the thrust of dm. Having then, found If 
representing thrust of mZ, by a process similar to that 
by which we obtained //'in the preceding case, that is, 
commencing with ^y, representing the thrust of y 
under a weight equal to 3«(?", we take wg' « (/*'^,* on Im 
produced, raise the vertical g'i' equal to a line repre- 
senting 3io'', and draw i'^ parallel with cm, when we 
have i'y to represent the tension of cm, 

XXXin. Or, we may take ok on ao produced, to re- 
present the thrust of ao, due to the vertical pressure 
(= IVdo'^ at a, resulting from the weights at b and c, — 
draw the vertical l<!l\ representing 7?^", = weight at 6, 
and cutting on produced in m', and Vm^ reprencnts the 
lifting force exerted by bn; as is made obvious by 
forming the parallelogram ZV/, upon the dia^^onal om'. 

*g^ i^ fuidy shown in Diagram B, to avoid cotnpViCAiUm 
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Take ho' = Vm\ and draw the horizontal o'p', then h^f 
represents the tension of 6n, and ow!^ the thrust of on. 
Take 72a^,= om\ on on produced, draw ah^ = 6p', paral- 
lel with fin, and, from 6^, let fall bp^ representing the 
weight ( =7 w") at c, and the part below nm^ represents 
the li'.t of c?m, whence we derive the tension of cm. 
The result should be the same as that obtained by the 
former operation. 

XXXIV. If the point h only, be loaded, we may 
take oA" to represents the thrust of ao resulting from a 
pressure of Qxo" at a, let fall V'l" cutting on in m", to 
represent the W at 6, and m"l" represents the vertical 
lift of hn. Make ho" = m"l'\ and draw the horizontal 
o'y, and we have hip" representing the tension of hn. 
This is the maximum stress of fin, since fin, can only 
sustain the weight at fi, less the excess of lifting power 
of ao over the depressing power of on^ both having the 
same horizontal thrust; which excess is represented 
by k'm' and /."m", and is least when the weight bearing 
at a is least. But the bearing at a (and the lift of ao), 
can never be less than f of the weight at fi, and K'm" 
etc., can never represent less than f weight at fi, or \ 
of the lift of ao, whence m"l" etc., can never represent 

* 

more than f weight at fi ; consequently fin can never 
suetain a weight greater than hw" which is the amount 
represented by m"i" when fi is fully loaded, and the re- 
mainder of the truss without load. 

XXXV. With regard to em, no simple and conclu- 
sive reason presents itself, why the result above ob- 
tained for the stress of that member when fi and c alone 
are loaded, is the actual maximum. But, as the 
assumed condition is precisely analogous, as far as the 
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case permits, to the conditions under which all the 
other diagonals have been shown to suffer their maxi- 
mum stresses, it is reasonable to conclude from analogy, 
and the general nature of the case, that we have ob* 
tained the true maximum stress for cm. Should there 
be doubt whether some supposable distribution of load 
upon the truss, would not produce greater stress than 
that above shown for the member in question, it is 
presumed that such doubt would readily be set aside 
by an analysis similar to what has already been gone 
through with. 

Uprights, or Vertical Members. 

XXXVI. It has already been seen [xxviii], that the 
maximum tension of verticals equal Wy throughout. 
'We have also seen [xxxiv], that the lift of 6n, is always 
less than the weight at b ; consequently ob is never ex- 
posed to compression, unless the load be applied at the 
arch, which will seldom be found advisable. 

When cm exerts its maximum lift, the point c is 
loaded, and the lifting force of cm is all expended upon 
the weight at c. But when the point b alone is loaded, 
om exerts a lift, which is the measure of the maximum 
compression of en, resulting from tension of cm, since 
any weight at the right hand of c, would bring more 
or less downward action at the point m, thereby reliev- 
ing some of the tension of cm, and consequently, 
diminishing its compressive action upon bn. The com- 
pression exerted upon en by the tension of cm, is found 
to be about equal to 2u?", and very nearly the same as 
that exerted byj^, and represented on the diagram by 
/X' [xxix], 2?^", then, may be regarded as the maximum 
compression of en, 

6 



The vertical dm, oan never suffer compression to 
oeed 3 1^", =»^ greatest weight sustained by rfi when d is 
without load; and if dhe loaded, so as to add to the 
lift o{dlj any weight at d, relieves dm of 4 pounds of 
compression, to every three pounds added to the lift 
of dl, so that 7m?" at d, while it increases the lift of dl 
from 3m?" to 6««?", changes the action of cbn, from com- 
pression of 3m?", to tension of Itc?". 

XXXVIL Havingdeterminedtheraaximum weights 
sustained by the several diagonals and verticals, we 
proceed to ascertain their respective stresses, and re- 
quired amounts of. material ; as depending upon the 
length of each member, multiplied by its maximum 
strcBS. 

The greatest weight sustained by jgf, as measured on 
the diagram, and verified by calculation, is equal to 
8m?", or |M? ; and the length being equal to s/^'h^+^v^j the 
stress equals ^\/¥±^Wy and the required material 

equals [~^^\ i?)m. The 4 diagonals gky ek^ bn and nrf, 
sustain, each, a maximum weight of 5m?", [xxxiv], with 
length = \/yiM-||F' Hence, stress equ als | s/7^±J^ m;, 

and, material for each, = (^+ J§|^)m. 

The four remaining diagonals sustain each a maxi* 
mum weight of 6m?'', = f m?, with length = VF+1^ 
giving stress equal to 4 ^/ A' -f p' ?£?, whence material 

equals (?^ + ^v) m. Then, multiplying the last two 
coefficients. of m by four, and the preceding one by two 
for the number of pieces in each class ; adding tho 
products, and annexing the common factor m, we 
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otitain fdr the ten diagonals; an amoutit of material 
eqnal to (7.14^'+5.626i?)m. 

The aggregate length of verticals, equals 4%Vj aii4 
their greatest tensioti stress e(jdals w. Hence, 4:666e7,tf 
represents the amdant of tension material they r€k 
qnife. 

The tvro longest verticals sustain a mtiximum com- 
pression of 3w'' [xxxvi], or f i/r, with length « v. 
Hence material =s*0.857i?m. The two next in length 
sustain compression =fi^), with aggregate length ^ If?;,' 
and require compression material == 0.476yM, mak- 
ing the whole amount of required material, as repre^ 
sented by the araoiitit of action by coriipression on' 
verticalss* 1.3SSM. 

"We have, then, tfiaterial for the whole ttusd^ as re- 
presented by the amount of acdoTiy as follows: 

Under Compression. 

Arch, [xxvii]- * (42i* + 4fr)ir 

Verticals^ * •...*..-...•..- Hv)^ 

Total, (42|' + 6i?)M 

Under Tension. 
Chord, [xxvii]. (42^ > m) 

Diagonals, (7.14^ + 5.626»)m 

Verticals, 4M6v^\ 

Total, 49.14^'+ 10.292i?^ar 

Making A sa»i?«*l, these amounts become: 
Under Compression, 48M. Under Tension, 69.432m.*' 

* The diflference between this result, and that pfiven in the syHopslg 
on pasfo 20 of my original work, arises from the fact that one wtS 
based on a circular arch, and the stifesses taken from the diagram^ and 
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XXXTU, The preceding results are based on the 
assumption [xxvii] that the maximum tension of the 
chord, and the maximum horizontal thrust of the arch 
in all parts, are equal to the horizontal thrust of the 
end sections of the arch when the truss is fully and 
uniformly loaded. Although this may seem self- 
evident, it may not be amiss to make particular men- 
tion of some of the conditions affecting the case, which 
may lead to a better understanding of the subject, if it 
fails to amount to an absolute demonstration. 

The arch and chord obviously act and react upon one 
another horizontally from end to end, and, as weight 
removed from any part of the length, diminishes the 
amount of bearing at both ends, which bearing go- 
verns the stress at the ends, it follows that the ends, at 
least, of both arch and chord, have their greatest stresses 
under a full load of the truss. 

It is obvious, also, that no part of arch or chord can 
tave greater stress than the ends, unless it be Commu- 
nicated by the tension of diagonals. When the acting 
diagonals all incline one way, their united horizontal 
action only equals the difference between the horizon- 
tal thrust of the two end sections of the arch, and the 
action of chord and arch can no where be greater than 
at the end from which the acting diagonals incline. 

When acting diagonals incline inward from the ends, 
the intermediate portions of chord and arch are under 
less stress than the end portions, and consequently, 
kss than they sustain under a full load of the truss. 
But when acting diagonals incline outward, toward the 



the other, on a parabolic arch, and stresses mostly calculated numeri- 
cally ; and, from the further fact that in one case, the weight was as- 
Bumed to be applied at the arch, and in the other, at the chord ; the 
former producing more compression, and the latter, more tension upon 
file uprights. 
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ends of the truss, the intermediate portions of arch and 
chord are under horizontal stress greater than that of 
the end portions, by an amount equal to the aggregate 
horizontal action of all the acting diagonals inclining 
toward the respective ends. 

Now, as no more than two diagonals inclining toward 
the end bearing the greatest weight, can be in action 
at the same time, in a seven panel truss, the question re- 
solves itself into — whether two diagonals acting in one 
direction, can ever exert force enough to over balance 
the loss of action of the end section, resulting from di- 
minished bearing at the abutment, consequent upon 
the removal of load, on which removal, the action of 
diagonals depends ? 

As to that question, the removal of weight from the 
central portion o^ the truss, must bring into action in- 
wardly inclined diagonals, while removing weight from 
one end only, can bring into action no diagonals in- 
clined toward the full loaded end, whence thfe weight 
bearing at that end indicates the greatest stress of any 
part of chord and arch which, of course, is less than 
under the full load of the truss. 

There remains then, only the case of removal of load 
from both ends of the truss, which can produce any 
considerable action upon diagonals inclined outward, 
so as to give greater stress to the middle, than the end 
portions of the arch and chord. If the weights at b 
and ^r be removed, the pressure at each abutment is 
diminished by J of the maximum, or, by 7w'^; and j5^, 
sustaining only 3i«?" at the maximum, and having the 
same inclination as y, its horizontal action could only 
balance the eflFect of 3m?" removed from ij ; while ek^ 
even if it sustained its greatest weight of 5?(?", as it 
evidently does not, in this case, would only exert the 
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9^me horizontal action as if would do ander ^ys'^* 
Qence tbeae two diagonals, iinder tbeir maximum 
stresses, wbiqh neither suffers, in tbe present .oase^ 
would only compensate f of the loss on stress of i^rch 
and chord, due to removal of weight from the truss. 

It may, therefore, be regarded as a inatter pf extre.m© 
probability, if not a rigidly demonstrated fact, that the 
arch and chord of an arch truss, \indergo their maxi- 
mum stress in all parts, under the full uniform load of 
the truss. 

It is hoped and believed that the foregoing illustra 
tions of the manner of determining the strains of the 
several parts and members of an arch truss of seyeu 
panels, will be sufficient to enable the same to be doae 
in the case of trusses of any desired number of panels. 
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THE TRAPEZOIDAL TRUSS. 

So designated from the figure of its outline, 

XXXIX. This truss may be constructed with dia- 
gonals and verticals, as in Fig. 1.2, or without verticals, 
except at b and g, as seen in Fig. 13. To explain. tb^ 
operation of these trusses, and determine the maximum, 
fitresaes of their various parts, we may use the same no- 
tation, generally, as heretofore ; that is, let h represeni 
the horizontal, and v, the vertical refich.of the diagonal 
or oblique members, and d, the length of diagonals. 
Also, let w represent the greatest movable load for a 
panel length, supposed to be concentrated at the nodes 
i, c, d etc., of the lower chord ; and, let m?" be equal 
to w^ divided by the number of panels in the truss (7, 
in this case), i>., let w «■ lw'\ 

Then, supposing the diao^onals (Fig. 12), not inclnd'- 
ing the kin^ braces, ao and y ^tt the ends ; the verticals 
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eb and j^', and the lo^;^r chord, to aot by tension ; and 
the upper chord, or boom, the king braces, and thia 
four ititerniadiate verticals, to act by thrust, or com^ 
pfession ^^ if a weight («?) be applied at 6, it will ob- 
viously cause a downward action equal to w" at i^ and 
one equal to Qw'^ at a. 

Fw. 12. 

1 a 

1 8 

n 
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10 


15 
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a b « d ^ S 9 i 

Now, from what baa already beeti seen, in the diseui- 
Bion in ^relation to !Fig. lO, the weight a<!iting at e, oan 
only do so by acting suooessively^ or simultaneously, 
upon 6n, «nd each diagonal parallel with bn on the rigbt^ 
l^ tension, and upon each compression upright and 
lihe king brace ^., by thrust; causing upon each of 
these 10 members, a stress equal to u?" upon verticala, 
atid equal to w*'^ upon obliques ; b irepresenting the 

length of obliques, or diagonals. 

A weight (w) at e^ in Kke manner, eau^es a pressuM 
0f2w'' at t, through em, aind dther diagonalls incMningf 
to the right, on the right hand of c. Also, a 'pi'essifre 
ef bw" at a. But co being the only member tha^t 6fl^ 
transfer weight from a to the left, and, eo and bii 'be^ 
ing antagonistio ^^ stress tvpoia the one ^tending to t^UdA 
tiiie other, the result must be, tha4; bo^h can not act ael 
the same time, from the effects of weight at b and ^ 
affid only that one can aet, to which the greater weight 
is applied ; and that, only with the excess of we%bt 
aeting upon it, over what is act^n^g, or tending to iicl 
iq^on the other. iN^ow, as the load at c, tends to thro^ 
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a weight of Sw" upon co, while the load at b tends to 
throw Iw'' on 6n, the former tendency must prepon- 
derate — CO must sustain 4m?", while bn is relaxed, and 
the whole weight at 6, is sustained by the tension of o6. 
In reality then, cm sustains f of the weight at c, and 
none of that at b. 

Still, the result is the same, as to pressure at a and 
i, the former point supporting 7w'' ,= the whole of the 
load at 6, plus 4m?" of that at c, making 11m?", = pres- 
sure due at a, from the weights at b and c, while the 
point i supports 3m?", all out of the weight at c. Thus, 
cm, dl etc., sustain the same proportion of the aggre- 
gate weights at b and c, as if each weight acted sepa- 
rately, and independently of the other. 

Again, applying a weight (m?), at rf, 3w?" tends to bear 
at I, and 4i«?" at a, through dn and co. But as we have 
8t^" tending to act on cm, as already seen, this is neu- 
tralized by the tendency to action upon dn, and only a 
surplus of lw"y really acts upon dn in this case, while 
the 6m?", = pressure due at i, from the weights at 6, e 
and d, is all made up out of the single weight at rf, 
and the whole of the weights at b and c, together with 
Iw?" from that at d, comes to bear at a, giving a pressure 
of 15m?", at that point ; still the same as if each weight 
acted independently of the others. And, in general, 
each diagonal, at all times, sustains the preponderance 
of weight tending to act upon it, over that which tends 
to act at the same time upon its antagonist. Hence^ 
the greatest weight sustained by any diagonal, is when 
all the weight tending to act upon it, is upon the trusa, 
and none of the weight tending to produce action upon 
its antagonist, or counter. 

Thus, when 6 alone is loaded, li^'^is sustained by brij 
but when any point on the right of b is loaded, there is 
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tendency to action by co, and the action of bn h dd 
stroyed or diminished. Therefore lu?" is the maximum 
weight sustained by bn. When b and c alone are 
loaded with the weight {w) at each, cm sustains 8i^", 
as already seen, with no tendency to action in dn. 
But if d, or any point on the right of c, be loaded, there 
is tendency to action in rfw, which must diminish or 
destroy the action of cm. Hence, cm sustains its max- 
imum weight (= 3m7"), when the points b and c alone 
are under their full load. And, it must be obvious 
that the maximum weight is sustained by each diagonal 
inclining to the right, when the point at its lower end, 
and all the nodes at the left are fully loaded, and all 
those at the right are without load. Hence we esta- 
blish the following easy and expeditious practical method 
of determining the maximum weights and stresses 
upon this class of members, in trusses with any number 
of panels. 

I 

XL. Having made a rough diagram of the truss, as 

Fig. 12, for instance, place over the nodes o, w, m, Ac, 
the numbers 1, 2, 3, Ac, high enough to admit of a sec- 
ond series under the first, formed by repeating the 1 
under itself, adding the 1 and 2 together and placing the 
sum (3), under the 2 in the upper series.. Then add 1, 
2 and 3, and place the sum (6) under 3, and so on, plac- 
ing under each figure of the upper series, the sum of 
that figure, and all those at the left, in said upper series. 
Then, it will be seen that each figure in the upper 
line, prefixed to t^", shows the pressure caused at the 
right hand abutment, by the weight (w) directly under 
the figure, e. g,^ the upper figure 3 over rf, indicates 
that 3?^?'' is the bearing at ^, produced by the weight 
(m?) at d^ and so of the other figures in the upper line, 

7 
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In the mean time, the figures in the lower line, show 
the accumulation of the efFecte of the different weights 
upon succeesive diagonals from left to right. Thus, 
the figure 6 over the point d, shows that dl sustains 
6w^\ a= pressure due at e, from weights (w) at i, e and 
dj when those points only are loaded ; in which case, 
dl sustains its maximum weight, as before seen. 

In like manner, the figures 10 & 15 over cand /, indi- 
cate that 10m?" and 16m?", are respectively the maxi- 
mum weights sustained by ek and fg^ while 2lM?" (= 
8m?), equals the maximum weight sustained by j?', (by 
compression, of course), when the whole truss is loaded. 

XLI. Having thus ascertained the greatest weights the 
several oblique members are liable to sustain (those 
inclining to the loft being obviously exposed to the 
same stresses as those inclining to the right), we find 
their maximum stresses by rule 4, [xvi]; i. e., multiply 
the weight by the length, and divide by the vertical 
Teach of the member. Thus, the maximum compres- 
sion of ijy equals 8m?5, » 8m? vVh^, and the repre- 

sentative of required material, is (— + 8i?) M. 

The maximum stress of ek equals 10m?"— ■= 
112/7 v^^5Z and its representative for material is 

(if- + 1|i?)m. Or, the lengths and inclinations being 

the same, we may take the aggregate maximum weights 
sustained by tension diagonals, reduced to terms of m?, 
multiply by the square of the common length, divide 
by Vy and change w to m. The ten tension diagonals 
sustain maximum weights equal to i^" multiplied. by 
twice the sum of all the figures in the lower line over 



the diagram, except the last, making 70w?",*=102£?, And 
require material « (lO- + lOi?) w. 

The teDsion verticals ofeand j^, sustain the weights (w) 
acting at b huHg when the truss isf ally loaded, which is 
their mai^imum stress, and they require material for 

the two, s>s 2tfM. 

The thrust uprights eZ and /fe, receive and sustain 
the maximum sustained by dl and ek respectively, 
which are the measures of their respective stresses of 
Qor^preasion, being 6m?" for ef, and 10m?'' for /A, and 
the same for dm and en, making an aggregate weight 
of 4^Wj whence, their representative for material is 

4|l?M. 

XLn. With regard to stress of the lower chord, the 
tension of ac equals the horizontal thrust of ao, and of 
course is greatest when ao sustains the greatest weight ; 
which is manifestly under the full load of the truss. The 
tension of cd equals the horizontal thrust of ao (through 
ac\ and the horizontal pull of oc ; and must b8 greatest 
when the combined action of ao and oc is greatest. Now, 
although the weight borne by oc is greater by t^" when 
the point b is unloaded, than under the full load, on 
the other hand, the weight on ao is less by 6m?", so that 
the combined action of the two members, must be 
greatest when the truss is fully loaded ; since no other 
change can increase the action of either. 

Again, de sustains the horizontal action of oo, oc and 
ndj when the truss is under a full load ; dl and em being 
inactive in that ciise, since the tendency to action is the 
same in each, whence neither can act Therefore nd 
sustains simply the weight (w) at d; oc sustains the 
two weights at c and (/, = 2m?, while ao sustains the 
same, with the addition of the weijght at 6, making Sw 
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sustained by the three members contributing to the 
tension of de, Now while the maximum weights sus- 
tained by oc and nrf, exceed by only 4w/' what they 
sustain under a full load, neither can be brought under 
its maximum stress, without removal of load from b 
in one case, and from both 6 and c in the other, thereby 
'diminishing the weight on ao, by 6w'' in one case, and 
by llw?" in the other. Hence the stress of de is greatest 
under a full load of the truss, and as already seen, 
equals the horizontal action of weii>ht equal to 6w upon 
oblique members of vertical reach equal to v, and hori- 
zontal reach equal to A, The maximum stress of rfe, 

then, equals 6m?-, and that of cd equals the same, less 
the horizontal pull of driy due to the weight (to) at (/> 
and is therefore equal to 5io-. 

We have for the lower chord, then, one section, de 
(with length equal to A), exposed to stress ; =6u?— 

Two sections, cd and ef. with stress = 5w— 

Four do., ac and/, = Sw-^i 

whence, adding, multiplying by A, and changing iv to 
M,.we have to represent required material, 28— m. 

XLIIL It is scarcely necessary to state that the ob- 
lique members ao, and oc, exert at o in the direction 
from to n, the same force that they exert in the oppo- 
site direction upon cd. In fact, the thrust of on, and 
the tension of cd, simply act and react upon one ano- 
ther through the media of ao, oc and ac, whence the 
compression of on, must be just equal to the tension of 
cd; and furthermore, the thrust of nm is the indirect 
counteraction of the tension of de; and, as the two 
forces are in opposite and parallel directions, they must 
be equal, being in equilibrio. Also, mlk must sustain 
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the same compression as wm, throughout, since the 
diagonals meeting the chord at m and Z, are inactive 
under the full load of the truss. Of course, Ig is liable 
to the same maximum action as on. 

From what precedes, it cannot fail to be obvious 
that the maximum action of all parts of the upper chord 
occurs at the same time with that of the lower chord, 
namely, under the full load of the truss. We have 
then, two sections liable to a compression of 5m;—., and 

three, liable to Qw-; whence the representative of 

required material, is 28--M. We may now sum up 

the material for the truss, required to support the as- 
sumed movable load through all the changes liable to 
take place, as follows : 

Material under Compression. 
Chord, (28- XM 

King Braces, [xli] (6-+6i;)m 

Posts, [xli] ^v)^ 

Total, (34^" + lQ^v)K 

Under Tension. 
Chord,[xLii] (28- x m 

Diagonals, [xli] (10-+102;)m 

Verticals, [xli] 2vu 

Tota., (38^+ 12i?)M 

Making A = ?; =. 1, we have : 

Compression material, = 44^M \ 

Tension material, , = 50m 

For Arch Truss, Comp. Mat, [xxvii] = 48m \ 

" " Tension do., =» 59Ak i 
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XLIT. A trapezoidal truss without verticals (ex^ 
oept at one panel width from the ends), is represented' 
in Fig. 13. The members ofrand oc, as alsoj^ ^^^fji 
are supposed to be so formed and connected as to act 
by tension only, and the other diagonals, so as to be 
capable of acting either by thrust or tension. 

Fia. 13. 
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If a weight (?(?), be applied at 6, it will cause a bear- 
ing of lio'^ at t, and 6a?" at a, the same as in the case 
of Fig. 12. Now, this weight at 6, might (if 6n were 
removed, and oc were capable of withstanding com- 
pression), be suspended entirely by o6, and supported' 
by ao and oc, in proportion to the bearing produced 
by it at a and i respectively. But as bn is able to act 
by tension, and oc unable to act by thrust, the Qw" 
bearing at a, acts through ho and oa^ while the Ivf^ 
bearing at i, must first act by tension upon bn ; secondly, 
by thrust upon wrf, since that is the only member meet- 
ing bn at ??, capable of sustaining weight. Hence, the 
action of the weight is transferred to rf, and through 
dl to /, thence to/, and so on through jO', andji, to the 
abutment at i; acting alternately by tension and 
thrust, upon six oblique members, producing, the 
same amount of action (= 2^"—), upon each. 
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Another weight (u^) at c, must canse pressure at i, 
equal to 2u)'\ and at a, equal to 5m?". The action there- 
forej must be divided between cm and oc, in the pro- 
portion of 2 to 5, producing alternately tension and 
thrust, through the points m, 6, A, ^, j to i ; on the right, 
and through co and oa^ to a, on the left. 

Thus far, the weights have acted upon independent 
aystem& of oblique members (except as to king braces), 
neither weight acting upon any member acted on by 
the other. But when a weight [w) is imposed at rf, it 
must act upon the same members acted on by the 
weight at 6. The 3m?" to be transferred to i, must act 
by tension upon rfi, in concert with the li(?" of the 
weight at 6. But the pressure at a, must be increased 
by 4w'\ which can be transferred from rf, only through 
tension of dn^ and dn being previously occupied in 
carrying Iw" from 6, by compression, it follows, since 
the same member can not be under compression and 
extension at the same time, that the greater force must 
preponderate, dn being brought under tension due to 
the difterence of 4m?" tending to act by tension, and 
1m?", tending to act by thrust, the action of rfw, being 
dianged from thrust under 1m?", to tension under 3m?". 
AH the weight at 6, then, is sustained by 6o, together 
with 3m?" from weight at rf, making 10m?", which, with 
5(\JB^' from weight at c, makes 15m?" = pressure due at a, 
from weights at 6, c and d. 

In the mean time, the weight at rf, having obstructed 
the passage of 1m?" from 6 to the right hand abutment, 
has been obliged to make compensation, by sending 
4m?" of its own gravitating force, nstead of 3m?" owed 
by it to the bearing at u 

Similar changes of action take place when another 
weight (i6?) is applied at e ; which tends to throw 3m?'' 
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by teDsion upon ern, while the weight ate tends to throw 
2w'' upon it by .thrust, as seen above. The result is, 
that em sustains Iw^' by tension, and cm, 1m;" by thrust, 
while CO sustains the whole weight at c, in addition to 
1m?" from e. 

Again, a weight {w) at /, tends to throw 2m7" upott 
//, to Act by tension ; but as/f is already occupied by 
4m?" acting by thrust, / is obliged to depend entirely 
upon/;; at the same time turning back 2m?", and re- 
ducing the weight previously on Ify by that amount, or, 
to 2m?". 

In like manner, a weight applied at g^ finds gk sus- 
taining 6i(?" by thrust, whereby it is prevented from 
sending 1m?" (due from it at a), to the left, through 
tension of^A:. Hence, the whole weight at ^is sustained 
hyjgy and the weight acting on kg is reduced to 5m?". 

XLV. Thus we see that each diagonal (except oc and 
jgf, excluded by hypothesis), is liable to compression 
from weights at certain points, and tension from 
weights at other points ; and, it is manifest that the 
greater stress of either kind, on each diagonal, is when 
all the weights are on the truss, which tend to produce 
upon it one kind of stress, and none of those which 
tend to produce the opposite stress. 

Hence, if we place the numbers 1, 2, 3, &c., over the 
diagram, as in case of Fig. 12. [xxxix], it is clear that 
only alternate weights act upon the same system ol 
diagonals; that only weights under the odd numbers 
1, 3 and 5 act upon diagonals meeting the lower chord 
at points under those numbers; and so of the weights 
under the even numbers 2, 4 and 6. We therefore 
form a second series offigures under the first, by placing 
under each odd number, the sum of that number and 
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all the preceding odd numbers, and under each even 
number, the sum of that and all preceding even num- 
bers. Then, the number in the second line, is the co- 
efficient of lo", to express the maximum weight acting 
by tension upon the diagonal inclining to the right, 
from the point under that number, and by thrust, upon 
the diagonal meeting the former at the upper chord. 

For instance, the figure 4 in the second line, over rf, 
shows that dl and If^ sustains 4m?", the former by ten- 
sion, and the latter by thrust. This is the weight 
which must bear at z, in consequence of the weights 
at b and d, the only weights that can produce those 
specific actions upon those members. On the contrary, 
this action upon dl and Z/", is only liable to diminution 
from weight at /, which tends to throw 2w'' upon the 
left abutment through tension of fl and thrust of dl^ 
and consequently diminishes the action upon those 
members, due to weights at h and d. Therefore, 4m?" 
is the greatest weight sustained by dl and (/", and 2w?", 
the weight sustained by them when the points 6, rf, and 
/ are loaded, whether the other nodes are loaded or 
not. There is, however, an alternative in this case, 
which will be noticed hereafter. 

The figure 1 over 6, indicates that bn sustains 1m?" 
by tension, and nd the same by thrust, which action is 
reversed by weights at d and /, which tend to throw 
6m?" upon these members, namely, 4m?", from d^ and 
2m?" from /. Hence, bn is liable to 1m?" by tension, and 
6m?" by thrust, the latter, when d and / are loaded, 
and 6 unloaded; and to bw" (acting by thrust), when 
all the three points are loaded. 

Then,, if we form a third series of numbers under 
the second, by reversing the order of the second, the 
one series shows the tension, and the other the thrust 

8 
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to wbicli a member is liable- Bat as tbmst action m 
not received by any diagonal directly from the weight 
producing it, but from a tension diagonal meeting it at 
the upper chord, we do not learn the thrust of a dia- 
gonal from the figure over it, at either end, but from 
the figure over the foot of the diagonal by which the 
compression is communicated* 

Having arranged the diagram as above expltdned, 
we form from it a table of greatest weights sustained by 
the several diagonals, and stresses produced thereby, 
both of tension and thrust, remembering that tension 
weights are shown by one series of figures and thrust 
weights, by the reversed series. 



Diagonals. 


Compn 
Weights. 


Vision. 
Stresses. 


Tension, 
Weights. Stresses. 


Under /uU load, 

WHfflUt. 
Thb. Tn. 


bn and kg^ 


Qw" 


6m>"- 


Iw" 


!«."? 

« 


5w" 


cm and If, 


4« 


4«;"? 


2 " 


2w"- 

V 


2w" 


41 and me^ 


2" 




4 « 


4uj"? 


Ivf' 


ek and duy 


1" 




6 " 


6U7"? 

V 


5 « 


j(; and cOy 







9 " 


9w"5 


9" 




13 




22 




- 



Adding and doubling the several weights, we deduce 
the representatives of material. 
Under Compression, (3f- + 3fi;)M 

Under Tension, (6f^' + 6?i;)m 

The 2 verticals sustain each 12m?", giving 3|2?m 

The king braces ao and j)*, sustain Zw each, 

requiring material for the two = (6— + 6y)M 

XLVL The stress of chords is, as in case of Fig. \% 
due to action of obliques, and may be fairly assumed 
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to be greatest under a full uniform load of the truss. 
The brace ao has a horizontal thrust ■■ 71w''\ ■■ ten* 
sion of aft. The thrust of bn (under the full load), add« 
5m?"— at 6, making 26m?"— = tension of he. This is in- 
creased by 9i^''— for tension of oc, and by 2u;' — for 
thrust of c?n, making S7i^"— for tension of erf; and, add- 
ing 5i^"— for tension of dn, and subtracting 2u;"— for 

teusioQ oidl in the opposite direction, we have 40m?"— 
-tension of rfe. 
We have then, 1 section sustaining 40m?"— ■■40mf"- 

2 " " 87 " 74 *• 

2 " " 26 " 62 *« 

2 " " 21 " 42 <♦ 

Making a total stres8»208M?"-»29fM?- acting upon sec- 
tions of a common length equal to A, and theretore^ 
requiring material represented by 29f — M« 

Upon the upper chord, we have the horizontal action 
jf andjQi, producing compression equal to 80m/ ^ upon 

jk. Add for horizontal action of ek and kg^ lOw" 

making 40M/-s8tre88 of kl. Again, add Avf' foi 

horizontal action of If and 2i, and we have 4iu/- «■ 
thrust of Im, 

Thus, we have for the whole upper chord, IHiv/^ 
s aggregate 8tre» upon Bectionn of the commtm length 
equal to h. Hence, representative f(fr material <• 
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Aggregate for whole Truss. 



Material under Compression. 
Chord, (26f~XM 

Diagonals, ... (3||'+3f i?)m 

End braces,... (6-+6y)M 



Total, (36-+9§i;)M 



Uhd&r Tendon. 

Chord, (29iJ~XM 

Diagonals,... (6?- + 6^v)u 



Verticals,. 



8|e7M 



A« 



Total, (36- + 94M17) 



Making A = i? == 1, Comp. 45.714m. Ten. = 45.714m. 
Grand total, 91.428m. 

We have here a little over 3 per cent lees action upon 
material, than in case of truss Fig. 12, with verticals. 
The difference is a little less than was shown in my 
original analysis, that being based on trusses loaded 
at the upper, and this, at the lower chord ; the former 
giving a trifle more action for the truss with verticals, 
and a trifle less for the other. 

Moreover, the diflerence was made to show greater 
Btill, by assuming that deductions might be made on 
account of certain diagonals being liable to two kinds 
of action. For instance, it was supposed that a mem- 
ber formed to sustain a considerable tension stress, 
might also sustain a small compressive force without 
additional material (not at the same time, of course), 
which is undoubtedly the case, on certain occasions ; 
especially in the use of wooden trusses. This would 
give still greater apparent advantage to truss 13, with 
regard to economy of material. 



XL VII. There is, however, another view as to the 
action of load upon truss Fig. 13, which may modify 
the results above shown to a small extent. 
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If we strike out the diagonals cm and mCy and also 
dl and If^ all the determinate forces necessary to sustain 
uniform weights at the nodes of the lower chord, 
would be exerted by remaining members, although we 
have assigned to those members, each, the sustaining 
of weight equal to 2w?" under the full load, arid twice 
that weight under certain conditions of partial load ; 
and it is quite certain that they are necessary to the 
stability of the truss when partially loaded. But with 
both halves loaded uniformly, the weight upon each 
half could be transferred to the nearest abutment, pro- 
ducing equal thrust in both directions upon the central 
portion of the upper, and equal tension in opposite di- 
rections upon the lower chord ; whereas, with one-half 
loaded, there is no means by which the pressure due 
at the farther abutment could be transferred past the 
centre, without oblique members in the centre panel. 
Still, which mode of action takes place under the uni* 
form load, when the diagonals are in place, is a matter 
involved in a degree of uncertainty. If the centre dia- 
gonals do not act, under the uniform load, then ek and 
fj must sustain each Tu/'j instead of 6w'' for the former, 
and 9w'' for the latter, as above estimated. Also, kg 
would sustain 7m?'' by thrust, and difierent results 
would be produced as to stresses of various parts of 
upper and lower chords. 

The maximum stress for eA anddn, and forni kg^ would 

be 7w''- instead of 6w''-^ as found above, and would 

occur under the full, instead of the partial load. The 
tension ofgj and 06, also, would be increase^ to 14m?''. 
The weight sustained by jgf, would be only 7m?" under 
the full load, though liable to the same maximum 
weight of 9m?", under a partial load. 
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For the lower chord, we should have the same oo- 
effi<;ieiit,(21)of)(f'- to express the tonBion of ab aiid ig, 
28 for be, 35 (a decrease), for cil, and 42 for de. 

For upper chord, the co-efficieuta of ii>"- would bfe 
28 for on and kj, aud 42 for the three middle sections; 
Lo action being imparted by diagonals at m and L 

XLVIII. This uncertainty of action has no place in 
truaaea of an even number of panda, as in auch cases, 
no trunsfer of the action of weight can be supposed to 
take place past the centre, under a uniform load, with- 
ont involving the abaurdity of supposing the same 
member to carry weight by tension and compression 
at the same time; except, however, that in case ot 
diagonals crossing two panels, or having a horizontal 
reach equal to twice the space between nodes of the 
chords, there will be diagonals filling the same condi- 
tion of crossing in the centre of the truss, both vertically 
and longitudinally, as in Fig. 13. 

We may obviate mostly, any mischief liable to result 
in cases of the kind under consideration, by eatimating 
the stresses upon the several parts under both hypo- 
theses, and taking for each nziember the highest estimate, 
which will mosihj meet all contingencies. Estimating 
action upon truss 13 in this manner, we obtain the 
following representative expressions for material: 



Compressim 




Chord, 


... 26; 


i^x« 


Piagonals, 


.... (4» 


'+4rM 


End braces 


.... 6» 


+ 6b)ji 


Total, 




+ 10ii)M 



Tension. 



Chord, 

Diagonals,.. 



4yM 



Total, (37 [f 10^r)M 
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. Making A = v == 1. These expressions give, Compres- 
sion material = 46.855m + Tension do, 47.714m =» total 
94,57134. 

This shows an aggregate amount of compression and 
tension action, identical with that of truss Fig. 1% 

[XLIlt.] 

— ^'- — --' rC i *^^^^'^ 

DbCUSSATION^AND NoN-DECUSSATION. v>x I'^i^ 

XLIX. The elasticity of materials aflfords a^*<ffand 
of answering the question as to decussation of forces 
through diagonals crossing in the centre of the truss, 
vertically and longitudinally (as in Fig. 13), in spiecific 
ciases. But the results will vary in trusses of differieiit 
liumbers of panels, and difierent inclinations of diago- 
nals. 

Suppose the truss Fig. 13 to be so prdpottibned that 
ttemaximum stresses of the several parts and mfembers, 
will produce change of length equal to E, multiplied 
by the lehgthi3 bf parts respiectively ; the vertical oA^ 
= Vj being the linit of length. Then, the truss being 
uniforfaity and fully loaded, and the chords being under 
their xhaxinium stressj the upper chord is contracted, 
itld the lower one extended at a uniform degree ; andj 
if the diagonals be unchanged in length, their viertical 
and hbrizdntal t-eachbs have not bieen changed by the 
cHahge in length of chords. Hencfe, the distance be- 
tween <3hords is hot altered by change in their length; 
But this diagonals being uttder stress, by which som© 
are extended and others contracted, according to ths 
(itifess they are under, as compared with their rri£txiinum 
stresses respiectively, the nodes 6f the chords are al- 
lowed to settle to positions below What they are brought 
to by the mere change in lengths bf chords. 
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Hence, the panels are (generally) thrown into more 
or less obliquity of form, in consequence of inequality 
in length of diagonals in the same panel. But the 
centre panel can not assume obliquity, because any 
tendency of forces to change the length of one dia- 
gonal, is attended by a like tendency of equal forces to 
produce exactly the same change in the other ; so that 
the vertical reaches of both must suffer the same change, 
if any, and both must be under tension or compression, 
according as the acting forces tend to bring the chords 
at the centre, nigher together or farther apart. 

Now, the forces produced by the load being all con- 
centrated at the points o and J (Fig. 13), the point d is 
depressed with respect to o, by the extension of ob and 
nd, and by the compression of hn. Hence, assuming 
decussation to have place, giving tension to the diagonals 
dl and me, equal to what is due to a weight of 2w"^ oh is 
under maximum tension and gives depression equal to E, 
to the point 6, — bn and nd are under | maximum stress, 
and give depression, each equal to | E x d^ * = 
(1.666A^ + 1.666) E, for the two (d representing length 

of diagonals, =v^AM-T). Then, adding IE for effect 
of oh, we obtain (1.666^^ + 2.666) E, = depression of 
point d. 

The point m is depressed by extension of oc under a 
maximum stress, giving an amount equal to d^E = 
(A* + 1) E. Also, by compression of cm under one-half 
maximum stress, to the extent of (JA* + J)E. Hence, 
depression of point m = (1 JA^ + 1 J) E. 

This shows the point d to be depressea more than 
w,by(1.666A' + 2.666) E — (1.5 A^ + 1.5)E =:(0.166A2 + 

* Let the diagonals bd and Bd, of two rectangular panels ac and Ac, 
Fig. 14 (c and d, being fixed points), be exposed to tension in propor- 
tion to tbeir respective cross-sections, receiving each thereby, extension 
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1.166) E, and tbe spaces md and le to be increased to 
that extent; of course produciDg tension upon ^{and me. 

Now, hy hypothesis, these diagonals are under the 
weight of 2w", giving half maxinnum stress, and requir- 
ing an increase of vertical reach, equal to (JA* + J) E. 
If then, we give such a value to A, as will make the 
last co-efficient of B equal to the one above, it will 
show that the chorda have receded just enough to give 
the assumed tension to dl and rtu, and the decussatioa 
is a demonstrated fact. To find the value of h, pro- 
ducingthisresult, make,.6A' + .5 = .166A^+ l,166,and 
we deduce .333A= — .666 ; whence A ■= ^2. 

But this requires too great au inclination of diagonals, 
and a leas value of A, gives a space from i^ to nt too 
great for the supposed tension ot dl and me. Making 
A e= 1 = u, we have increase of distance from rf to m ™ 
1.333E, requiring a weight of 2.666;^", to stretch dl 
down to the point d. But aa no weight or stress can 
be added to the 2w" assigned to dl and me, without af- 
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equal to b'e and B'E, respeollvelj. Thia will chubb the points b and 
B to drop to b' and B', in ab and AB produced. Join b e and BE, 

Than, the InfioitoBimal triangles bb'a and 
BB'E.riglit-angledat e and E,are essantially 
Hmilar, leepeclively to the trianRleB db a ana 
dBA. Hence, the following celationa : 

(1). bb' ; b'e : ; bd : ab. and 

(3). BB' : B'E : : Bd ; ab. 
whente, bb' X ab = b'e X bd. tuid 

BB'Xab- B'EX Bd, 
From these two equations we derive — . 

(8). bb'Xab;BB'Xab::b'6Xbd: 
B'E X Bd. 

But, by the law of elasticity 

(4). b'e r B'E : : bd : Bd ; whence, j 

... „,.._, .,..„„ 





f 




' 



» diriding the first ratio of proportion (8) by ab, and snbetita- 
tiug for the Isat ratio of (3), its equivalont found in (5), we have, 
(H). bb' : BB' : : bd" ; Bd'. 

Hence tbe depresaton dao to the extension of a diagcr.ai retaining 
the earns vertical reach, is as tbe stress (par square inch), sustained, 
multiplied by the square of tbe length of diagonaL 
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fecting all the 5 members contributing to the depresdion 
of the points d atid m, and in all cases, so as to ditnin- 
ish the elongation of distance between d and m, it is 
reasonable to conclude that by assigning some J, or 
thereabouts, of the extra weight of .666w" required on 
dl ialone, it would, by affecting the whole 5 memberdi 
be sufficient to correct the error. Let us, then, assume 
that dl land me sustain 2.15ic?'', instead of 2w" as by prlB- 
vious supposition. This change requires reduction of 
weight upon rfw, nb and 6o, from 5^?" to 4.85w" for the 
two former, and from 12m?" to 11.85w^' for bo. Also 
an increase of weight on mc and co, to ^Abw" on mCy 

and to 9.15t(?" oh co. Then bo sustains -^r^of the 
maximum, and gives depression ""^^E = .9876E 

bn and wd, sustaining -^ of the maximum, give de^ 
pression for the two, equal to 3.233E, making 4.2205Bj 
= whole depression of point d. 

With regard to the point rw, we have the maximum 
stress on oe, giving depression equal to 2E, and ^ of 

the maximum on mc, giving depression « 1.075E, 
making a total of 3.075E for the point m. Hence, the 
elongation of the space rfm, equals (4.2205 — 3.075) E, 
== 1.145E, whereas 2.15w'^ upon dlj increases its vertical 
rdach by only 1.075E. This shows that rfi sustains still 
a little more than 2.1521?". On the other hand if we 
assume a weight of 2.2i(?" on dl^ we obtain the opposite 
result, showing that dl sustains less than 2.2m?''j and 
hence the actual amount must be between 2.15i^'' and 
2.2i^''. 

We conclude then, that dl and me are not inactive 
under the full load of the truss, but on the contrary, 
they sustain, in this case, even more than the decussa- 
tion theory assigns to them. We learn, moreover, that 
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the qoestion id affected by the horizontal t^ch of the 
diagonal, or the value of h. And,* since in this case, 
the point d being depressed by actioti upon 3 members, 
and the point m by action upon only 2, we have an elon* 
gallon of space between d andn? requiring more than the 
theoretical stress upon centre diagonals, it is natural to 
conclude, that, ia case of a greater number of panels, 
nine, for instance, where 4 members contribute to the 
depression of the upper, and only three to that of the lower 
chord at the centre, the increase of distance between 
chords, would be less than that required to give the theo- 
retical stress upon diagonals in the centre panel; and, 
Buch is found to be the case. In a nine panel truss on the 
plan of Fig, 13, the increase of distance between chords^ 
due to the stresses assigned by the decussation theory, is 
only about one-third of what would be required to 
give the centre diagonals the stresd assigned them. 
Hence in this case there is less decussation than the 
theory requires ; and, one or two trials, by assigning 
different weights as sustained by centre diagonals, in 
the manner pointed out above, would enable a near 
approxination to the actual amount of decussation to 
be arrived at, in the case of the nine panel truss^ or 
any other. 

Let us take one more view of this matter, by assum- 
ing no action by centre diagonals, under the full load. 
Then cm (Fig. 13), is also out of action, and oc alone, 
under J maximum stress, contributes to the depression 
of point m, giving depression equal to 2x5E, = 1.65E, 
(assuming h ■■ v). 

The point d is depressed by the maximum change of 
two obliques, and one vertical, giving depression =» 5E. 
Therefore the distance rndl, is increased by (6-^ 1.55) B, 
■■ 3.45 E. Hence dl and me must be elongated by 1.725 
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times the amount dae to the maximum stress, in order 
to escape action. Suppose the member to be of wrought 
iron, proportioned to a maximum stress of lO^OOOS) to 
the square inch. Then, the extension due to 17250ft 
to the inch, is about j^Vtlnmr ^ length — .00069 x 
length, and if length » 15 feet, the extension is equal 
to .00069x15, — .01035 ft. or, say J inch. 

Hence, in a 7 panel truss, as represented in Fig. 18, 
with A = r, if the diagonals in the middle panel be 
slack, by ^ inch in 15 feet of length, no decussation 
will take place, and the centre diagonals will be inactive, 
under the full load of the truss. If those members have 
less than that degree of slackness, they will be in action 
in such circumstances. 

It would be a very badly adjusted piece of work in 
which such a degree of slackness should occur, and we 
may fairly conclude, that the centre diagonals, in this 
class of trusses, are never entirely inactive. 

But the quantity E, is so very small, with any kind 
of material, and with any co-efficient that may affect 
it, in practice, that a slight inaccuracy of adjust- 
ment, may so change the practical form the theoretical 

m 

results deduced by calculation, as to decussation, as to 
render the latter of no great practical reliability. 
Hence, after all, perhaps the most unexceptionable 
course, in this regard is, to follow the rule given before 
[xLViii], of estimating stresses on both hypotheses, 
and taking the highest estimate for each part. 

Now, perhaps, this subject has been discussed at 
greater length than its practical importance demanded, 
considering the small percentage of error liable to oc- 
cur in any case ; but with regard to this, as well as to 
other matters, it is well to know, what may be known 
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mthout inconvenient or unreasonable effort at investi- 
gation. 

The Warren Girder. 

L. There is another form of truss operating upon 
the same principle as truss Fig. 18, in which one set 
of oblique members is left out, so that only one diago- 
nal remains to each panel. The diagonals meet and 
connect with one another and with the chords, forming 
alternate nodes at the upper and lower chords. This 
truss, represented in Fig. 15, requires an even number (^,'\j C)\ 
of panels that the two half-trusses may be symmetrical. 

This is an extension of truss Fig. 5, with tension 
verticals for suspending floor beams from the upper 
nodes, when the travel-way is along the lower chord, '^M.vf 
and thrust verticals ascending from the lower nodes, 
in the case of what are technically called deck-bridges.* 

"We compute the stresses of the members of this 
truss, by placing the figures 1, 2, 3, etc., over the 
diagram as in preceding cases, and from a second line 
or series of figures, by adding all those in the first 
series, as in case of truss Fig. 12, because each weight 
tends to act upon every diagonal. Each figure in the 
second line, is the co-efficient of w" in the expression 
of the greatest weight transferred to the right hand 
abutment, through the diagonal crossing the panel 
next on the right hand of the figure ; and the action is 
tension or thrust, according as the diagonal ascends or 
descends toward the right. Thus, the Fig. 6 over o, 
indicates that 6i^'' is the greatest weight acting by thrust 
upon oe, while 10 over the point e, indicates 10z(?" as the 
maximum weight acting by tension upon em. These 

* The author built several small bridges upon this plan, to carry a 
pail road track over common highways, in 1849 or 1850, believed to 
have been the first application of this form of trass. 
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figures only indicate weight transferred from left to 
right, and it is evident that the same weights in a re* 
versed order, are transferred from right to left, through 
the same diagonals. Hence, a third series of figures 
under the second, composed of the same figures in a 
reversed order, shows the weights carried by the seve- 
ral diagonals from right to left. The figures in the 
third line, show the weights acting on diagonals next 
on the left of respective figures. It will be seen also, 
that the figures under odd numbers of the upper line, 

Fig. 15. 
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indicate weights acting by thrust, and those under even 
numbers, by tension. The figures 6 and 15 over o, in- 
dicate 6m?" acting on oe, and 15?x?", on oc, both by 
thrust. Again 3 and 21 under 2, indicate Zw" acting 
on CO, and 2\w'' upon cy, both by tension,. The figure 
28 at the right and left, under 1 and 7, indicate 28m?" 
acting by thrust upon aq and jk. 

Now if we add all the figures in the second and third 
lines standing under odd numbers of the upper line, 
we obtain the co-efficient of i^" for the aggregate maxi- 
mum weights acting by thrust upon oblique members, 
while the sum of all the figures in like manner, under 
even numbers, forms the co-efficient of w" for the ag- 
gregate maximum weights acting by tension upon ob- 
liques. The former gives 100m;",==12.5m? for compres- 
sion, and the latter, 68m?",=8,5m;, for tension. Hence, 
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making A*bi?-«1, we have as expressions for amount of 
thrust and tension action upon material in oblique mem- 
bers, 25m for thrust and 17m for tension. 

One half of the lower chord obviously sustains a 
stress of 28m?'', equal to horizontal thrust of the end 
braces, and the other half, 60m?'', =« horizontal action of 
aq^ qc and co (under full uniform load), at one end, and 
of corresponding diagonals at the other end, giving re- 
quired material for chord equal to 44m. 

The compression of the upper chord, equals the hori- 
zontal thrust and pull ofay and 9^,= 48i^", for J of its 
length, with the addition of 12m?" for horizontal thrust 
of CO, and 4m?" for pull of oe, making 64m?" for the two 
middle panels. Hence expression for material is 40m. 
The verticals obviously require tension material equal 
to 4m, and the aggregate for the truss, is, 

I^or Compression, For Tension, 

Ghord, 40m Chord, 44m 

Obliques, 25m Diagonals, 17m 

Verticals, 4m 



Total, 65m Total, 65m 

A corresponding truss with 2 diagonals in each 
panel, on the plan of Fig. 13, shows the same expres- 
sions for materials, or amount of action of both kinds, 
item for item, and any advantage possessed by either 
plan, must depend essentially upon the more advan- 
tageous action of compression material. 

Truss Fig. 15, has fewer intermediate thrust diagonals, 
and greater concentration of weight upon them ; which 
is favorable ; while in the other, the diagonal? crossing 
one another, are enabled to afford mutual support 
laterally, in certain modes of construction. 
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The upper chord in Fig. 15, acts at a decided disad- 
vantage, in having no vertical support for a length of 
2 panel widths, unless it be especially provided at ad- 
ditional expense. As a deck bridge, with struts, or 
posts at jpy w, Z, and lateral tying and bracing, the truss 
may answer an excellent purpose. But even in that 
case, it can scarcely be considered as preferable to the 
truss with a double system of diagonals. 

The Ohio river bridge at Louisville, Ky., has its long 
spans (about 400 ft.), constructed upon the plan of Fig. 
15, and no plan which we have considered, shows a 
less amount of action upon material. These are believed 
to be the longest spans of Truss Bridging in the country. 

An eight-panel truss upon the plan of Fig. 12, gives 
the following expressions for amount of material. 

Compression. Tension* 

Chord, 43m Chord, ; 41m 

Ends, .14m Diagonals, 28m 

Verticals, 7m Verticals, 2m 

64m 71m 

This indicates a difference of nearly 4 per cent, as 
to amount of action upon material, in favor of the truss 
without vertical members, generally speaking ; L e, in 
which there is no regular transfer of action from one to 
another, between diagonal and vertical members, as in 
truss Fig. 12. 

This advantage is made still larger in certain modes 
of construction, by the circumstance that the same 
members, in trusses 13 and 15, may sometimes act by 
tension and thrust, on different occasions, without any 
more material than would be required to act in one 
direction only. 
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LI. It may be proper in this place, to refer to still 
another form of trussing, which has enjoyed a degree 
of popular favor, and which differs somewhat from 
any we have hitherto considered. The plan is seen in 
outline, in Pig. 16. Each weight is sustained primarily^ 
by a pair of equally inclined tension members, and* 
thereby transferred either to the king posts standing 
upon the abutments, or, to posts sustained by other 
pairs of equally inclined suspension rods of greater 
horizontal reach; which in turn, transfer a part to 
king posts, and another part to a post sustained by 
obliques of still greater reach, until finally, the whole 
remaining weight is brought to bear upon the abut^ 
ments by a single pair of obliques, reaching from the 
o^tre to each abutment. 

Fig. 16. 
The Finok Truss. 




In Fig. 16, are represented three different lengths of 
obliques, in number, inversely as the respective hori- 
zontal reaches. The first set contains 8 pieces reaching 
horizontally across one panel, and sustaining each ^w. 
The next longer set, of four pieces, reach across two 
panels, and sustain each Iw ; one-half applied directly, 
and the other, through posts and short diagonals. The 
third and longest set, contains but two pieces, reach 
across four panels, and sustain together 4:W; of which Iw 
is applied directly, Iw through two short diagonals^ 
and 2w through two intermediates. 

Now, as each set sustains the same aggregate 
weight, namely 4m?, the material iu each set, will 

10 
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be represented by this weight multiplied by fhe 
square of the lengths respectively, and divided by v : 
and, making A = t? = 1, the squares of respective 
lengths are 2, 5 and 17, which added together and mul- 
tiplied by 4m;, and w changed to m, gives 96M=amount 
of material in tension obliques, the only tension mem- 
bers in the truss. 

The upper chord sustains compression equal to the 
horizontal pull of one oblique member of each class^ 
obviously equal to lO^w, with length = 8. Hence, re- 
quired material equals 84m. End posts sustain to- 
gether, 7w, centre post 3m7, and the two at the quarters, 
one w each, in all 12Wy and the representative for mate- 
rial is 12m ; whence the total for thrust material is 96m, 
making a grand total of thrust and tension material =* 
192m. 

The 8 panels trapezoid with verticals, requires,... 135m 
Do " " without verticals, 130m 

This comparison exhibits an amount of action in 
case of the first (Fig. 16), which, considering that it 
possesses no apparent advantage as to the efficient 
working of compression material, would seem to ex- 
clude it, practically, from the list of available plans of 
construction. 

Distinctive Characteristics of the Arch. 

LII. We have seen that all heavy bodies near the 
earth's surface (except when falling by gravity or 
ascending by previous impulse), exert a pressure upon 
the earth equal to their respective weights. We have 
also seen that the object of a briflge, in general, is, to 
sustain bodies over void spaces, by transferring the 
pressure exerted by them upon the earth, from the 
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points immediately beneath them, to points at greater 
S>r less horizontal distances therefrom. 

We have, moreover, seen that this horizontal trans- 
fer of pressure can only be effected by oblique forces 
(neither exactly horizontal nor exactly vertical), and 
have discussed and compared, in a general way, various 
combinations of members, capable of effecting this 
horizontal transfer of pressure. 

But, without going into unnecessary recapitulation, 
we find two or three styles of trussing, possessing more 
or less* distinctive features, which promise decidedly 
more economical and satisfactory results than any 
others ; and, to make the properties and principles of 
action of the best and most promising plans as tho- 
roughly understood as may be within the proposed limits 
of this work, will form a prominent object in the discus- 
sions of succeeding pages. x 

The distinctive feature of the arch, as a sustaining 
structure, consists in the fact that all the oblique action 
required to sustain a uniformly distributed load, is ex- 
erted by a single member of constantly varying ob- 
liquity from centre to ends ; each section sustaining 
all the weight between itself and the centre, or crown 
of the arch, and none of the weight from the section 
to the end ; so that the weight sustained at any point, 
is as the horizontal distance of that point from the 
centre. ^Consequently (the arch being supposed in 
equilibrio under a uniform horizontal load), the hori- 
zontal thrust at all points must be the same, and the 
inclination of the tangent at any point should be such 
that the square of the sine, divided by the cosine of in- 
clination (from the vertical)^ may give a constant quo- 
tient. For, regarding each indefinitely short section 
of the arch as a brace coinciding with the tangent at 
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the point of contact, its horizontal thrast equals th^ 
vtreight sastained, multiplied by the horizontal, and d^ 
vided by the vertical reach of the brace. But^^e 
horizontal and vertical reaches are respectively as the 
sine and cosine of the angle made by the tangent with 
the vertical ; that is, as ab and 6c?, Fig. 17, while the 

weight is also as the sine a6, 
of the angle adb. Hence, the 
weight by the horizontal 
reach, is as aJ^, or as the square 
of the sine of adb ; and the 
constant horizontal thrust of 
the arch at all points, is as 
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at" a6" 

— y or, asr^.. 



Kqw this condition is answered by the parabola, in 
which bc^cd = i bd, and ^ = J^«constant C, whence 

uJ3 == (?6 X constant 2(7, which is the equation of the 
parabola. 

This quality of the arch truss, allowing nearly all of 
the compressive action to be concentrated upon almost 
the least possible length, and consequently, enabling 
the thrust material to work at better advantage than, 
in plans where this action is more distributed, and acta 
upon a greater number and length of thrust members, 
epables it to maintain a more successful competition 
with other plans than we might be led to expect, in 
view of the greater amount of action upon materials 
in the arch truss, than what is shown in trusses with 
parallel chords. Hence, we should not too hastily 
come to a conclusion unfavorable to the arch truss, on 
apcount of the apparent disadvantage it labors under, 
tts to aniount of action upon material. These apparent 
disadvau-tages are frequently overbalanced by advan- 
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fages of a practical character, which can not readily hb 
reduced to tneasurement and calculation. 

The preceding general comparisons are to be regarded 
6nly as approximations, and should not be taken a^ 
conclusive evidence of the superiority or otherwise, of 
any plan, except in case of very considerable difterencd 
in amount of action, with little or no probable advan^ 
tage in regard to efficient action of material. 
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EFFECTS OF WEIGHT OP STRUCTURE. 

Lin. In preceding analyses, and estimates of 
stresses upon the various members in bridge truase^^ 
regard has only been had to the effects of movable load, 
which may be placed upon, or removed from the struct- 
ure, producing more or less varying strains upon its 
several parts. 

But the uiaterialis composing the structure, evidently 
act in a similar manner with the movable load, in pro*- 
dueing stress upon its members ; the only difference 
being, that the weight of structure is constant, always 
exerting or tending to exert the same influence upoti 
the members, instead of a varying action, such as that 
produced by the movable load. In order, therefore, to 
know the absolute stress to which any member is liable^ 
and thereby to be able to give it the required strength 
and proportions, we have to add the stresses due to 
constant and occasional loads together. 

The weight of structure evidently actd upon the 
truss in the same manner as if it were conceritrated at 
the nodes along the upper ahd lower iehords, dnd of 
the arch, in case of the arch truss. And» since mttch 
the larger proportion of it acts at the points wheire thd 
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movable load is applied, if we regard the whole as 
acting at those points, the results obtained as to stresses 
produced by it, will be sufficiently accurate for ordi- 
nary practice. Stilly more closely approximating results 
may be obtained by assigning to both upper and lower 
nodes, their appropriate shares cf weight sustained, as 
may easily be done when deemed expedient. 

If we divide the whole weight of superstructure sup- 
ported by a single truss, by the number of panels, the 
quotient, which we may represent by w\ will show the 
weight to be assumed for each supporting point, ou 
account of structure ; and the stresses produced by such 
weights, added to the maximum stresses of the several 
members, due to the movable load, will represent the 
true absolute stresses the respective members are liable 
to bear. 

Now, as far as relates to parts suffering their maxi- 
mum stresses under the full load, such as chords, 
arches, king braces, and verticals in the arch truss, as 
to their tension strain, we have only to substitute W, 
^=sw+iv'), in place of iv^ in expressions obtained for 
stresses due to movable load. In other cases, w and 
v>' will have each its peculiar and appropriate co-effi- 
cient. 

The diagonals of the arch truss, are obviously not 
affected by weight of structure, as they are not so 
under full and uniform movable load. Moreover, the 
weight of structure acts in constant opposition to the 
compressive action of movable load upon verticals. 
Hence, in truss Fig. 11, where we find the varying 
movable load gives a maximum compression upon the 
longest, equal to Sw^\ and upon the next shorter, equal 
to 2i^", the weight of structure diminishes those quan- 
tities to 3w'' — w'j and 2m?" — w' respectively. Or, if we 
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vv^ould be more exact, we may add in both eases, the 
weight of a segment of the arch, which has no tendency 
to produce tension upon the verticals ; or we may sub- 
tract only f or f of w' ; thus, 3i^" — lw\ and 2w'' — |w?', 
may be taken to represent the compressive action upon 
the verticals in Fig. 11. 

LIV. In the case of truss Fig. 12, the only diagonals 
acting under uniform load, are oc, j^, wrf and ek\ the 
two latter sustaining, of weight of structure, \w\ and ) 
the two former, 2vo', And, the maximum movable 
weight borne by those members, being [xl] 10m?" and 
15w?", the absolute maximum will be \^w"'\-\o' for wd 
and 6A:, and 15ii/'+2w' for oc andjf;. 

Now, if we place the figure 1 under cZ and e, (Fig. 12 
A), and the figure 2 under c and/, and so on, in case of 
agreater number of panels, to the foot of the last diagonal 
each way, inclining outward from the lower nodes, these 
figures are obviously, the co-efficients of w' to express 
the weights contributed by the material of the struc- 
ture, to the stresses of diagonals extending upward and 
outward from the points to which the figures respect- 
ively refer. 

Fia. 12 A. 




Again, we have seen [xl], that a certain condition 
of the movable load, tends to throw Iw?" upon 6n, and 
another condition of such load, tends to throw 3m?" upon 
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em. Bttt, since, as we now see, the weight of stroctare 
tends to throw a constant weight of iw' upon oc, which 
is antagonistic to 6n, the actual maximum weight upon 
tn, is lix/' — 2m>', which will always be a negative quan- 
tity, in practice ; whence bn must always be inactive, 
and may be dispensed with. 

The maximum weight upon cm, as modified by 
weight of structure, is in like manner reduced to Zw" 
— w\ which will in practice, be either negative, or of 
quite small amount. Hence, we have the following 
rule : For the absolute maximum stresses of diagonals 
(in case of parallel-chord trusses with verticals), we 
add the effects of weight of structure to the maximum 
effects due to variable load, where both fall upon thd 
same, and subtract the former, in cases where the two 
forces fall upon counter, or antagonistic diagonals. 

In case of parallel-chord trusses without verticals, we 
add the effects of constant and variable load upon each 
diagonal, when alike, i. e., when both tensile or both 
compressive, and subtract the former when the effects 
^^re alike. 
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DOUBLE CANCELATED TRUSSES. 

LV. The use of chords in a truss being to sustain 
the horizontal action (whether of thrust or tension) ot 
the oblique members, it follows that the aggregate 
stress of chords, is equal to the aggregate horizontal 
ajCtion of all the diagonals acting in either direction^ 
And, the horizontal action being obviously as the 
number and horizontal reach directly, and as the ver- 
tical reach inversely ; also, the length of truss being as 
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the number and horizontal reach of diagonals, while 
ihe vertical reach is as the depth of truss, it follows 
that the stress of chords is directly as the length and 
inversely as the depth of truss, other conditions being 
.the «ame. 

Hence, if the depth of truss be so reduced as to make 
the ratio of length to depth indefinitely large, the stress 
and required material of chords, become indefinitely 
large. On the contraiy, if the depth be indefinitely 
great, although the stress of chords be ever so small 
the length and required material for diagonals and ver- 
ticals must be indefinitely large. It is manifest, then, 
that between these two extremes there is a practical 
optimum^ — a certain ratio of length to depth of truss, 
which, though it may vary somewhat with cireum- 
stances, will give the best possible results as to economy 
of material in th« trass. This matter will be taken 
into consideration hereafter, and is referred to here, 
to show the expediency of generally increasing the 
depth, with increase of lengths in the truss. 

Now, in trusses of considerable length, and, conse- 
quently, depth, it becomes expedient, in order to avoid 
too great a width of panel (horizontally), or an inclina- 
tion of -diagonals too steep for economy of material in 
those members, to extend them horizontally across two 
or more panels, or spaces between consecutive nodes 
of the chords. In such cases, the trass may be called 
double or treble cancelated, according as the diagonals 
cross two or three panels. 

LVI. To estimate the stresses of the members of 
double cancelated trusses with vertical members, a 
slight modification of the process already described, 
[xL, &c.], is required, as follows : 

11 
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Having placed the numbers 1, 2, 3, &e., over the 
nodes of the upper chord, as seen in Fig. 18, place 
under each odd number, the sum of all the odd num- 
bers in the first series, up to and including the one 
under which the sum is placed ; and the same with 
respect to the even numbers. Then, the second series 
of figures may be used in precisely the same, manner 
as that explained with reference to Fig. 12, to deter- 
mine the weight sustained by, and the maximum stress 
produced upon, each diagonal and vertical, by equal 
weights upon all or any of the nodes of either chord. 

For example; supposing the truss to have tension 
diagonals and thrust verticals; take the diagonal hav- 
its lower end under 5 (upper series), and its upper end 
under 7. This diagonal may be represented by 5/7, 
while 5\7 may indicate its antagonist, and so of other 
diagonals. Then, as we see 9 (the sum of 1+3+5), in 
the second series, over the lower end of 5/7, and, as the 
diagram represents a truss of 16 panels, we know that 
the diagonal in question is liable to a maximum 
weight of /g2^?, = 9w'\ This amount is to be dimin- 
ished, of course, by the weight due from weight of 
structure to the counter diagonal. 

Again, the diagonal 9/ 1 1 sustains as amaximum from 
variable load, 25i(?" ; which will require to be increased 
on account of weight of structure, since the latter, in 
this case, acts upon the main, and not upon the counter 
diagonal, as in case of 5/7. 

Now, to obtain the effects of weight of structure and 
uniform load, the truss having even panels, we place J 
under the centre node of the lower chord, because 
half of the weight iv\ which is supposed to be concen- 
trated at that point, tends to act on each of the dia- 
gonals rising from that point. 
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At the next node from the 
centre, each way, the figure 1 
is set, because, of the weights 
(M?'),concentratcd at those points, 
each bears upon its nearest abut- 
ment (the truss being uniformly 
loaded), through the diagonals 
running upward and outward 
from those points. If this be 
not so, each must transmit a part 
of its amount past the centre, 
through the antagonistic dia- 
gonals 7/9 and 7\9, which is 
contrary to statical law. 

Then we put IJ, 2J, 3J, etc, 
under alternate nodes from the 
centre, and 1, 2, 3, etc.,'under 
alternates beginning at the first 
on each side of the centre ; as 
shown in diagram Fig. 18. 

These figures form the co- 
eflicients of w% to indicate the 
weights acting, or tending to 
act, upon the diagonals running 
upward and outward from these 
numbers respectively, arising 
from weight of structure, and 
also, the co-efficients for {w+u/)^ 
to express the load tending to 
act on diagonals, arising from 
both superstructure and mova- 
ble weight, when the truss is 
fully loaded. For illustration ; 
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the diagoual 5/7 we have seen to be liable to a 
maximum stress of dw^' from variable load, and, as we 
have the figure 1 at the foot of 5\7, it shows that 
the weight due to the latter on account of structure 
is 1m?', which must be subtracted from 9m?'' to obtain 
the actital maximum to which 5/7 is liable ; which 
is 9m?"-^i^'. 

If w' be equal to or greater than 9tt?", then 5/7 is 
subject to no action, and may be dispensed with. As 
to the advantage of introducing counter diagonals, 
merely for the purpose of s/i^ewiw^r the truss, the results 
of my investigations will be given in a subsequent part 
of this work. 

The maximum weight sustained by any thi'ust up- 
right, is manifestly equal to the greatest weight borne 
by either diagonal connected with it at the upper end, 
since any weight borne by 3/5, for instance, being 
transferred to the antagonist of 6\7, thereby dimin- 
ishes by a like amount, the maximum action of the 
latter. Whence the upright at 5, can receive no more 
load from the two diagonals, than the maximum load of 
one, and this relation holds in general. 

The reason of adding alternate figures to form the 
second series over the diagram, will be obvious, when 
it is observed that there are two independent systems 
of uprights and diagonals; one of which includes the 
uprights under even numbers in the upper series, ani 
the diagonals connecting therewith, and the other, the 
remaining uprights and diagonals. Now weight applied 
at the nodes of either of these systems, can only act upon 
members of that same system ; that is, weight applied 
at nodes indicated by even numbers in the upper series 
can only act upon the first above named system of up- 
rights and diagonals, and vice versa. 
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The main end braces are acted upon by both sys- 
tems; so that to obtain the weight sustained bythenj,. 
we must add the numbers 56 and 64 (and correspond- 
ing numbers in other cases), making in this case X20w'^ 
equal to l^w. 

The uprights under 1 and 15, sustain each a tension 
equal to w^ for variable load, and to w+w , for weight 
of variable load and superstructure together ; which 
obviously gives their greatest strain. 

Having thus determined the greatest weights to which 
the several, verticals and diagonal members are liable, 
we proceed as in former cases, to multiply those 
weights by lengths of diagonals, and divide the pro- 
ducts by lengths of verticals, to obtain the stresses of 
diagonals ; remembering to take into account the dif- 
ference in length between those having a horizontal 
iveach of only one panel, at and near the ends of the 
truss, and those that reach across two panels. 

The mode of estimating the stresses upon the differ- 
ent portions of the chords, depending upon the hori- 
zontal action of diagonals, has been suflSciently ex- 
plained. It is only necessary to observe that the end 
braces produce compression upon the upper, and ten- 
sion upon the lower chord, through their whole lengths, 
equal to J {w+w'\ multiplied by the number of nodes 

of the lower chord, and that product multiplied by - . 

and that each pair of intermediate diagonals analo- . 
gously situated with respect to the ends of the truss, 
whether acting by thrust or tension, produce tension 
and thrust in like manner, upon the portions of the 
lower and upper chords, between their points of con- 
nection with the chords. Thus is generated a progres- 
sive and determinate increase of action upon succeeding 
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portions of the chords from the ends to the centre of 
the truss. 

In the case of a deck bridge, the weights sustaine'l 
by thrust uprights, are respectively indicated by the 
figures over the diagram on the right hand half of the 
truss, prefixed to w'\ for movable load, and the figures 
under the diagram prefixed to w'^ for weight of struc- 
ture, being the same weight which gives the maximum 
stress to the diagonal running upward and outward 
from the foot of the upright. Tension verticals at the 
ends sustain no weight. 
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TRUSSES WITHOUT VERTICALS. 

It will be seen upon a general view of the action of 
the ditl^brent parts of a truss with parallel chords, that 
the diagonals (and verticals when used), form media 
through which weight acting upon the truss, is reflected 
back and forth between the upper and lower chords, 
until it comes finally to bear upon the abutment. 

A weiij^ht applied at one of the nodes of the lower 
chord, of course, cannot be sustained by the tension 
of that chord, which acts only in horizontal directions; 
but is suspended by a tension piece, whether oblique 
or vertical, from a node in the upper chord. But the 
upper chord acting also horizontally, cannot sustain the 
weight. Consequently, a thrust member, either oblique 
or vertical, must meet the force at that point, to prevent 
the weight from pulling down the upper chord, and 
destroying the structure. 

Hence, we see, that in all the cases we have consid- 
ered, of trusses with parallel chords, the weight, whe- 
ther applied at the upper or lower chord, acts alter- 
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nately upon thrust and tension pieces, extending 
directly or obliquely from chord to chord. 

With reference to Fig. 18, we have regarded the 
weight as transferred from tension diagonals to thrust 
verticals, and the contrary. But if we conceive the 
verticals to be removed, except the endraost, we have 
only to insert a thrust brace from the abutment to the 
second node (or the first from the angle), of the upper 
chord, and to so form and connect the other diagonals 
as to enable them to act by either tension of thrust, 
and we have a truss capable of sustaining wei/ijhts applied 
at all, or any of the nodes of the upper and lower 
chords, in the same manner as the truss with verticals, 
represented in Fig. 18. In this condition, the truss 
will act upon the principles discussed with reference to 
Fig. 18. For this modification of the truss, see Fig. 19. 

To estimate the strains upon the several parts of 
such a truss, due to weights w?, w^ etc., at the nodes of 
the lower chord ; we may place the figures 1, 2, 3, etc., 
over the nodes of the upper chord, as was done in the 
case of Fig. 18. But, instead of adding alternate fig- 
ures to form the second series, to be used as co-effi- 
cients of w"^ for expressing the weights sustained by 
diagonals, we add every fourth figure; because it is 
only the weight^ at every fourth node, that act upon 
the same set of diagonals. 

For instance ; the weights at 1, 5, 9 and 13, act upon 
their peculiar set of 8 pieces (excluding the end braces, 
but including the tension vertical at 1), and none of the 
weights at the other nodes have any action upon those 
pieces ; as is made obvious by an inspection of Fig. 19. 

Again, the weight at 2, 6, 10 and 14, have their pe- 
culiar and independent set; and so of those at 3, 7, 11 
and 15, and those at ^t, 8 and 12. Therefore, in form- 



98 



Bridge Building. 






rH CO 



O305.CO 









OqoOO 



0610P 



Oi 



O T-*rH 



<D oooo 



10 CD 



<M 



^^S 



cocogc 



««§ 



CO 



ing our second series of num- 
bers, we place under each figure 
of the first series, the sum of 
that figure, added to every 4th 
figure preceding; that is, under 
12, place the sum of 12, 8 and 4 
» 24. Under 5, the sum of 5+ 
1 =6. The four first figures, 
having no 4th preceding figures, 
are simply transferred, without 
addition or alteration. 

These numbers in the second 
series, are the co-efficients of i^^** 
(=21? divided by the number of 
panels in the truss, being 16 iu 
this case), to express the greatest 
weights acting by tension on 
each diagonal having its lower 
end under the number used, and 
the upper end under a higher 
number. Also the weight act- 
ing by thrust upon the diagonal 
meeting the former at the upper 
chord. The last, or highest 
number, determines tlie weight 
sustained by the tension vertical 
under the number, the vertical 
being a member of one of the 
four setsot alternate thrust and 
tension pieces connecting the 
two chords. 

A third series of figures, 
formed by reversing the order 
of the second — placing the low- 
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est nujnber of the third under the highest of the se- 
cond series, and vice versa j prefixed as before to w'\ 
will show the weights sustained by thrust and tension 
of diagonals in the reversed order; i. e., whereas one 
series shows ihe amount of tension a particular diago- 
nal is liable to, the reversed series shows the thrust 
the same piece must exert in a different condition of 
the load. 

Thus we ascertain, as in the case of truss Fig. 18 
[xLv], that nearly all of the diagonals are exposed to two 
kinds of action, thrust and tension ; and it is only the 
preponderance of the larger over the smaller of these 
forces, which has place when the truss is fully loaded, 
and it is only this preponderance which is to be used 
as co-efficient to {w+w') in estimating the stresses upon 
the different portions of the chords, and as co-efficient 
to w\ in modifying the effects of the variable load upon 
diagonals, as affected by weight of structure. But it is 
to be remembered that the numbers over the diagram 
are to be divided by the number of panels, before being 
used before w and w% in the expression of ^ stresses of 
members. Thus, we have, as the effect of variable 

load upon the diagonal 2/4 ..., 2m7" (=jg2(?), as the 

18 

greatest weight acting by tension, and rgW?, the great- 
est acting by thrust. Hence the weight upon this 
piece, due to weight of structure, is (--g-)!^',=!^',andit 
produces thrust or compression, because the thrust 
tendency is the greater. This weight {w')y added to 

18 

TgM?, the greatest effect of variable load shows the maxi- 
mum weight which can act by thrust upon that diago- 

18 

nal, to be :r^w+w\ We have, also, for the greatest 
weight acting by tension as modified by weight of struc- 

\2 
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ture, zr-.w — w?', which is a negative quantity when w is 
less than 8m?', as will usually be the case in practice ; 
consequently that diagonal can seldom or never be ex- 
posed to the force of tension. 

Again t^(w?+2^')~» (^ ^^^ ^ representing horizontal 
and vertical reaches of the diagonal, as in previous 
discussions), is the amount contributed toward the 
maximum tension of the lower chord by the diagonal 
in question, not affecting, of course, that portion of 
the chord outside of the connection therewith, or a 
like portion at the opposite end. 

LVIIL It is to be remembered that the tension or 
thrust of a diagonal, is always equal to the weight sus- 
tained, multiplied by the length, and divided by the 
vertical reach of the diagonal. 

The method here under discussion for estimating 
stresses, seems to need no further illustration. But 
the cuestion as to decussation^ affects the case of Fig, 
19, as vvell as that of Fig. 13. The two sets of dia- 
gonals which meet the upper and lower chords in the 
centre, have symmetrical halves on each side of the 
centre, and no action can pass the centre upon either, 
when they are uniformly loaded ; whereas, the two sets 
to which 7/^9 and 7\9 belong, have the half of one 
on either side of the centre, a counter part to the half 
of the other set on the opposite side ; and the diagonals 
7/9 and 7\9, will act or not, according as their op- 
posite points of connection with upper and lower chords, 
are carried farther apart, or the contrary. Now, aa 
the points 9 and 7, upper chord, are depressed by the 
change in one vertical and 3 diagonals, while the op- 
posite points at the lower chord are depressed by the 
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change in 3 diagonals only, we might naturally expect 
to find greater depression in the upper than the lower 
points ; though this does not follow as a matter of ne- 
cessity, since the less number of members, by being 
more nearly under a maximum stress, might give 
greater depression than the greater number, under less 
stress, as compared with their maximum. Now, the 
vertical at 1, being under maximum weight, gives de- 
pression = E ; (adopting the notation used with refer- 
ence to Fig. 13 [xLix.]). The two diagonals 1/3 and 
3\5 being under f J maximum, give depression equal 
to|? x4E(making/i=i;=l), = 3.81E; while the diagonal 
5/7, under j\ maximum, gives depression = 0.4x2E. 
= 0.8E, makini> a total depression of point 7, upper 
chord, = 5.61E. Again, the diagonal 1\3, under maxi- 
mum stress, gives depression = 2E, while 3/5 and 
5\7, under jf maxra u m stress, give depression = ^ X 
4E, = 3.2E, making a total for the point 7, lower chord, 
equal to 5.2E, which is less by 0.41E, than the depression 
of the opposite point in the upper chord, whereas it 
should be greater by 0.8E, in order to give to 7\9 and 
7/9, the tension assigned to them by the decussation 
theory. 

But we must not conclude from this fact, that there 
is no decussation in this case. For, if we assume that 
7\9 is inactive under the full load, it follows that 5/7 
is also inactive, and that l/3-|-3\5 sustain only JJ- 
maximum stress, producing II E, = 3.05 E, which added 
'jo IE for the vertical at 1, makes 4.05 E, = depression at 
ppint 7, upper chord ; while the 3 diagonals contribut- 
ing to depression of the opposite point in lower chord, 
are under maximum stress, producing depression = 6 E. 
Hence, we see, that upon this hypothesis, the distance 
between these two points, measuring the vertical reach 
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of the diagonal, is increased by (6 — 4.05) E » 1.95 E. 
This can not be, without producing tension upon dia- 
gonals 7\9 and 7/9. Since then these members can 
not be entirely without action, and as previously shown, 
they can not have as much action as the decussation 
theory assigns to them, it follows, in this case, that they 
must aci^ but with less intensity than the theory as- 
eigns them. 

In this case, as well as in that of Fig. 13, the reeitlt 
would be changed somewhat, by taking into the ca!' 
culation the weight of structure, which would changs 
to a small extent, the relation between the maximum 
stresses of diagonals, and the stresses they sustain un- 
der a full load. For the stress due to weight of struct- 
ure, is constant, and that due to variable load, is greater, 
upon most of the diagonals, under certain conditions 
of a partial, than under a full load. Hence, while 
•6\7 sustains (under full load), only {§ maximum upon 
'that part of the material provided for variable load, it 
sustains a full maximum upon the part provided to 
sustain weight of structure. It is easy enough to take 
these things all into account, in estimating the amount 
of decussation in special cases. Still, it is doubtful 
whether any better practical rule can be adopted, than 
the one previously given, [xlviii] ; namely, to estimate 
stresses upon both hypotheses, and take the highest 
Estimate for each part. 

Decussation in Trusses with Verticals. 

LIX. In trusses of this class with odd panels, and 
diagonals crossing two panels, as in Fig. 20, it will be 
seen, on subjecting them to analysis, such as was ex- 
plained with reference to Fig. 18 [xvi], that, while in 
trusses of even panels, the figures in the second line 
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over the diagram, indicate the maximum stresses of 
diagonals, and those under the diagram, the stresses 
under uniform load (which are generally less than the 
xoaximum under partial loads), in case of the truss with, 
odd panels, the bottom figures show, for certain dia- 
gonals, greater stresses for the full, than the upper 
figures give as the maximum for partial loads. Thus, 
in Fig. 20, the number 16 over m, indicates 16ic?" 
(==ij6 2^j^ as the maximum weight for i7, while the fig- 
ure 2 under the point i, indicates that il sustains 2'i? (=■ 
18i(?"), under the full load. It should be remarked here, 
that the figure 1 under the first two nodes on either side 
of the centre, and the figure 2 under the next, are thua 

Fig. 20. 



1 


2 


2 


4 


5 


6 


7 


8 


1 


2 


4 


6 


9 


12 


16 


20 


s 


r 


9 


P 





n 


m 


I 




placed upon the assumption that all the weight on 
either side of the centre, is made to act on its nearest 
abutment. This would necessarily be so, if en and/g 
were removed or relaxed. But, with those members 
in place, and properly adjusted, there may be a decus- 
sation of forces through them, whereby a portion of 
the weights at e and/, may be made to bear upon the 
more remote abutments. Now, as the maximum on 
en is 6m?" and that of its antagonist only 42(?", the latter 
is not suflicient to neutralize the former entirely, but 
leaves a balance of 2w'' which may be transmitted 
through en to gl^ as an offset for a like amount trans?, 
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mitted through/} to ds. If this be so, then fm and er 
do not sustain the full weight of Iw^ but only 7t^", 
which, being transmitted to il^ makes, with the weight 
w (=9ic"), applied directly at i, 16io", as indicated by 
the figures over the diagram, instead of 2w (= 18m?"), 
as the figure 2 under the point i would indicate. 

Kbw, whether the two diagonals en and/g', being ap- 
parently, in a state of partial antagonism, do in whole 
or in part neutralize the tendency of each other to 
transmit weight past the centre each way under a uni- 
form load of the truss, is not quite obvious, and it may 
be proper to estimate stresses under both hypotheses, 
and take the highest estimate for each part of the 
truss. 

It will be seen that il and cs are the only diagonals 
in Fig. 20, which show greater stress with a full than 
a partial load, upon the non-decussation hypothesis. 
But all the diagonals undergo different stresses, wita 
the uniform load, as viewed under the different theo- 
ries, and consequently, their effects upon the chords 
are different. The end brace as^ sustains 4 {w+io') '--« 
4W substituting W for io-rw'\ under either theory, 

and the tension of ac equals 4?^? (making h = aby and 

V = bs). cs sustains 2W, or V^ whence cd sustains 

either 6W or SJW . Again, rfs sustains W, orlfW, 

the former without, and the latter with decussation. 
This diagonal having a horizontal reach of 2h, adds 
2W- or 24 W- to tension of chord, making 8W-, or 

h 

8§ W , as the tension ofde. For er, we have W with- 
out decussation, making a tension of lOW- for ef; 
while with decussation, er sustains J W, from which we 
subtract ^Wj for opposite action of e\ leaving |W 
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giving horizontal pull =»1JW- to be added to SfW- 

making 9JW- «■ tension of €/. 

Upon the non-decussation hypothesis, s r and m ly of 
the upper chord sustain thrust equal to 8W"-, and the 

remainder of the chord, 10 W-, By the other hypothe- 
sis, sr and ml sustain 8f W -, rq and nm sustain 9J 
W I, and the other 3 sections, lOf W- 



LX. We may derive some more light upon this sub- 
ject, by considering the conditions resulting from the 
elasticity of materials. Supposing the upper and lower 
chords to be so proportioned as to be uniformly con- 
tracted or extended under a uniform load of the truss, 
this does not require or imply any appreciable differ- 
ence in leng^^s of diagonals. But the stress upon 
chords being produced by the action of diagonals, the 
latter, when, as here supposed, acting by tension, neces- 
sarily undergo extension, by which means, the panels 
(except the centre one), are changed from their original 
form of rectangles, to that of oblique trapezoids. For 
instance, the figure gjln becomes longer diagonally 
from g to ?, than from n to j, whence the point g falls 
lower than it would do, if the diagonal suffered no 
change. 

Suppose then the truss to be fully loaded, and the 
diagonals i7, gl and/m, to be each exposed to the same 
stress to the square inch of cross-section. In that case, 
U and gl suffer extension proportionally to their respec- 
tive lengths, thereby causing depression of the points 
i and g respectively as the squares of those lengths. 
[See note in section xlix.] Hence, the point g is de- 
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pressed more than the point J, by the extension of dia- 
gonals, by as much as the square of gl exceeds the 
square of il^ or as 8 to 5 ; assuming diagonals to incline 
at 45°. The panel gmy must therefore be oblique, and 
the distance gm^ greater than ni. Again, the point/ 
suffering the same depression from the extension of /m, 
as the pointer suffers from that of ^?, and a still further 
depression from the compression of mi, and the exten- 
sion of i7, it follows that the panel fn must also be ob- 
lique, and the distance //i, greater than the distance og. 

Now, the obliquity of both of the panels gm and/n, 
manifestly contributes to the excess of distance fnij 
over oL On the contrary, the centre panel eo has no 
obliquity due to extension of diagonals, or compression 
of uprights ; since there is no cause for obliquity in 
one direction, more than the other. It seems to follow 
that en, crossing one oblique panel, must undergo ex- 
tension; but not so much as/m,which cjosses two. 

Now,/manden being equal in length, the weight 
iwistained by each, is manifestly as the cross-section 
and extension combined ; and as the former, //n, should 
be the larger in the ratio of 9 to 6, or as their maxi- 
mum stresses ; if we allow their extensions to be as 
2 to 1, the greater for /m, the relative weights sustained 
would be as 18 to 6, or as 6 to 2. Our decussation 
theory gave their relative stresses as Iw" to 2w^', This 
is not a wide discrepancy, seeing that the above com- 
putation is based in part upon a mere approximate 
data. 

We may conclude then, that in cases like the one 
under consideration, decussation does actually take 
place. Still it obviously depends upon conditions which 
are not of the most determinate character. For, if en 
and/j, be relaxed or removed, under a full load of the 
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truss, decussation can not take place, for the same ob- 
liquity of the two panels next to the centre one, which 
produces the tendency toward tension of en and fq^ on 
the contrary, tends to relax do and gp, through whicA 
latter alone decussation could take place, in the absence 
of the former. 

On the other hand, if en and /y be sufficiently strong, 
they may be strained to such a pitch as to bear all the 
weights ate and/, and leave /m and er entirely inactive. 
Hence, there is an uncertainty as to the action of these 
diagonals, which may be best obviated by estimating 
stresses upon both theories, and taking the highest es- 
timates; as recommended \vith reference to trusses 
without verticals, and as previously suggested with 
reference to the case in hand. 

In view of preceding facts and principles, it may be 
advisable to avoid the odd panel in trusses with verti- 
cals, when practicable without incurring more import 
ant disadvantages in other respects. 
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DECK BRIDGES. 

LXr. Are those having the movable load applied at 
the nodes of the upper, instead of the lower chord, as 
generally assumed in preceding analyses. 

It will readily be seen, on a brief contemplation of 
Figures 12 and 13, for instance, that weights applied 
at the upper chord, act directly upon compression 
members, either erect or oblique, as the case may be ; 
and are thence transferred to tension members at the 
lower chord; according to the general principle, that 
weight applied at the upper end of a member, always 
acts by compression, and that which is applied at the 
lower end, by tension. 

13 
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In the case of truss Fig. 12, the action of tension di- 
agonals is precisely the same, Nvhether the weight be 
applied at the upper or lower chord. But the compres- 
sion verticals, in the deck bridge, sustain as their maxi- 
mum, the weights indicated by the figures immediately 
above them respectively, from the centre toward the 
right hand ; and these weights, of course, are equal to 
those acting upon the diagonals respectively meeting 
the verticals at the lower chord ; and consequentlyj 
greater than when the weight is applied at the lr»wer 
chord. For illustration, in Fig. 12, as the truss of a 
deck bridge, the vertical /A sustains 15i^", the same as 
j5, whereas, in the case of a "Through bridge" (with 
load applied at the lower chord), /A sustains only lOtt?" 
communicated to it through ek. 

In the deck bridge also, the tension vertical's ^^ and 
jg are essentially inactive, merely sustaininfi^ a «raall 
portion of the lower chord. The chords supers the 
same stress in both through, and deck bridges. • 

LXII. Load applied at the upper chord of truss Fig. 
13, acts by thrust directly upon the diagonals meeting 
at tne upper chord, and the maximum weiglit (from 
movable load), sustained by diagonals meeting at one 
of the upper nodes, are indicated by the two figures 
immediately over the node ; the larger figure referring 
to the diagonal running toward the nearer abutment ; 
e. g., the numbers 4 and 6 over the point m, signify 
Qw'^ = greatest weight borne by mc, and 4w?'' = the 
greatest borne by me. 

It is obvious also, that the maximum thrust of any 
diagonal, equals the maximum tension of the diagonal 
meeting the former at the lower chord ; that is, maxi- 
mum thrust of mc, is equal to 6i6?''— , = maximum ten- 
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Bion of CO, The maximum thrust of bn being equal to 

9m?''~, the maximum tension of 60, equals 9m;", This isau 

€:xtra weight thrown upon the point 0, in consequence of 
the vertical 60, being turned out of its regular direction 
of a diagonal in the position of 6/?,* in order to throw 
its load upon oa^ whereby* op and pa are rendered un- 
necessary. The weight borne by oa^ therefore, instead 
of being 12w^\ as indicated by the figure 12 at 0, is 
12w''+9w'', = 21w'\ = 3m;. 

The figure 1 over 0, denotes the tendency of Iw^' to 
act tipon oc, by thrust, by which tendency the tension 
of oc, under a full load of the truss, is reduced 

to 5w''-. 

LXm. If Fig. 12 be assumed to represent a truss 
with tension verticals and thrust diagonals, the figures 
over the upper nodes, prefixed to i^" indicate the 
weights tending to act by compression upon the dia- 
gonals descending toward the right from the nodes 
respectively; which weight is transferred to the verti- 
cal meeting the diagonal at the lower chord. This 
constitutes the maximum load of the vertical, in case 
of a deck bridge. Otherwise, the maximum stress of 
verticals is shown by the figures immediately over 

Fig. 13A. 




♦ The point p, not seen in Fig. 13, is assumed to be at the Intersec 
tion of a vertical line through the point a, with tlie u])per chord- 
produced. The arrangement above alluded to, gives the truss a recian- 
gular, instead of a trapezoidal form of outline, which involves no more 
action upf>n material, 'though it increases the number of membeM k» 
the trass. [See Fig. 13A.] 
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them, prefixed to w?", provided, that in this case, the 
maximum stress of a vertical can never be less thanio, 
» the weight applied immediately at its lower end. 

Ratio of Length to Depth op Truss. 

LXTV. Having explained and illustrated, it is hoped 
intelligibly, methods by which may be computed the 
stresses of the various parts composing most of the 
combinations of members capable of being used in 
bridge trasses, with a view to giving to each part its 
due proportions, it may be proper to give attention to 
the general proportions of trusses, and such other con- 
siderations as may affect the efficient, and economical 
application of materials in bridge construction. 

The ratio of length to depth of truss is susceptible 
very great range, and it is obvious that some certain 
medium, in this respect, will generally give more ad- 
vantageous results, than any considerable deviation 
toward either extreme. For, it will be observed, that 
in the expressions we have derived for the amount of 

action open chords^ - appears as a factor ; v represent- 
ing the depth of truss, between centres of chords^ 
Hence, the smaller the value of i?, the greater the 
stresses of chords, so that when i;=0, these stresses 
become infinite, and the chords require an infinite 
amount of material ; in other words, the case is im- 
possible. On the other hand, if v be infinitely great, 
though the stress of chords be reduced to nothing, the 
verticals and diagonals being infinitely long, and sus- 
taiung a definite weight, also require an infinite 
amount of material. 

Now, between these two impracticable extreraea 
where shall we look for the most advantageous ratio % 
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It cjan not be the arithmetical mean, for there is nc 
such mean between y =■ 0, and w —■ infinity. Un- 
doubtedly, we shall be unable to do more than answer 
this question approximately; and that, only with refer- 
ence to specific cases; for the ratio suitable for one 
length of span, and in one set of circumstances, will 
often be found quite unsuitable under difterent circum- 
stances. 
We have seen that the material required in chords, 

is in general, inversely as the depth of truss, or as -. 

Also, that the material for verticals and diagonals, in- 
creases with increase in the value of v ; though not in 
a determinate ratio. But assuming the latter classes 
(>f members, including the main end braces of the Trape- 
zoidal truss, to increase in the ratio at which v in- 
creases, while the chords diminish at the same rate, 
we might reasonably assume, that the minimum amount 
of action upon materials would occur when the amount 
of action upon chords were just equal to that upon all 
other parts of the truss. 

By recurrence to the analysis of truss Fig. 12. 
[XLiii], we find amount of action upon chords, re- 

presented by 56-m, and that upon all other parts, by 

( 16-+ 22.57?;) m. Here, h is equal to 4 part of the 

length of truss, while v is variable ; and, by making 
these two co-eflicients of m equal, and deducing thence 
the value of y, we have the depth of a 7 panel truss in 
which the amount of action upon chords, equals that 

of all other parts. Thus, putting 56- = 16- + 22.57i?, 
*ibstracting 16-, and multiplying by v, we have 40A^ ^ 

22.57r*; whence v = v'C -^ ), -1.34A nearly. Thia 
gives length to depth of truss, as 5.2 to 1. 
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Again, referring to analysis of truss Fig. 10, we find 

7 3 

action upon chords represented by 20--M, and actioD 

8- + 11.2w) M. To make 
these quantities equal, requires that?;= 1.03A, and that 
the length of truss be equal to -^ times its depth, or 

nearlv 5 to 1. 

From this last case, we may infer as a probabilitjfj 
that a ratio of length to depth as 5 to 1, is the most 
economical fur a truss of 5 panels, other things the 
same. We know, moreover, that by making v = JA, ia 
the same truss, we double the amount of action upon 
chords — making it equal to the aggregate upon all 
parts with the ratio of 5 to 1, while the action, and 
consequently, the material of the other parts is probably 
reduced one-half. Hence, a ratio of length to depth, 
as 10 to 1, probably increases the aggregate amount of 
action bj- some 25 per cent, over what takes place with 
a ratio of 5 to 1. We may therefore unhesitatingly 
conclude, that whether the ratio of 5 to 1 be too small 
or not, the ratio of 10 to 1 is much too large. 

llefcrring again to the 7 panel truss, it appears above, 
that a ratio of 5.2 to 1 indicates the same amount of 
action upon chords, as on all other parts. But we can 
not with certainty infer that theabsolute amountof action 
upon tije truss, is less with r=1.34/?, than with v=h; 
in which case length is to depth as 7 to 1. In fact, if 
we estimate the absolute amount of action, assuming 
these two values of i? successively, we shall find no es- 
sential difference in the results. Hence, if other con- 
ditions were the same in both cases, it would follow 
that the ratios of 5.2 to 1 and 7 to 1 were equally 
favorable to economy, and that there is a better ratio 
Btil., between the two; probably, about 3 to L 
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But the conditions are not the same in the two cases, 
Siside from the different values of v. For, while with 
i;=A, the diagonals incline at 45°, in the other case, 
their inclination from the vertical is considerably less, 
being only about 37°. This, we shall see hereafter, is 
a less favorable inclination for diagonals acting by ten- 
sion, than 45°; and, since the ratio of 5.2 to 1 shows 
an equality as to economy, w^ith the ratio of 7 to 1, 
with the more favorable conditions on the side of the 
latter, it would seem at least, highly probable that the 
ratio of 5.2 to 1 is the more near approximation to the 
desired optimum, 

Now, after much thought and investigation, with 
some considerable experience in planning and con- 
structing truss bridges, I can give no better practical \ 
rule as to the proper depth of a truss of a given length, ; 
than to adopt that ratio between 7 to 1 and 5 to 1, ' 
which will best accommodate the desired length of 
panel (or value of A), and afford the best, and most 
economical inclination of diagonals; matters to which 
attention will shortly be directed. 

It is not supposed, however, that these limits of 
ratio will not frequently be exceeded, particularly in 
the adoption of a greater ratio than 7 to 1. In case 
of the very long spans dared and achieved in this age 
of rail roads and locomotion, engineers may recoil from 
the towering altitudes of 50 or 60 feet depth of truss 
which some of the long spans now occasionally con- 
structed would require, perhaps more in deference to 
European precedent, and from an instinct of conserva- 
tism, than from regard to economy, and a true appre- 
ciation of the real merits of the question. But for 1 
imp ortait bridges for heavy burthens, a ratio greatei 
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than 8 to 1 can not be regarded as commendalde, ox- 
! cept in rare and peculiar circumstances. 

Incunation OF Diagonals. 

LXV. We have seen the absolute importance of ob- 
lique members in bridge trusses, and we have also 
seen the excellence, in point of theoretical economy, 
of the trapezoidal truss, with parallel chords con- 
nected by diagonal members, with or without verticals. 
Now, since there is an endless variety in the positions 
which a diagonal member may assume, it becomes an 
important question, what degree of inclination these 
members should have, to give the most economical and 
satisfactory results. 

The inclination may be increased till it reaches a 
horizontal position, or diminished till it becomes a ver- 
tical ; when, in either case, the member ceases to be a 
diagonal, and becomes incapable of performing tte 
office of effecting a horizontal transfer of vertical pres- 
sure. 

The greatest efficiency of material used in diagonals, 
is manifestly, when the weight sustained by a given 
quantity of material, multiplied by the horizontal 
reach, gives the largest product ; and, when the mem- 
ber acts by tension, the weight capable of being sus- 
tained by a given amount of material, i« as the cross- 
section directly, and as the rate of strain inversely. 
But the rate of strain, or stress produced by a given 
weight, is as the weight multiplied by the lengtli of 

(fiagonal (d), and divided by the vertical (i*), or as — » 
while the cross-section is inversely as d, or as — 
Hence, the wei£:ht is as - -. — , = «. 
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Now, representing the horizontal re^ch by A, the 
efficiency of the material must be as ^ equal to 

-5-7-^. Then, making i?, constant, and dividing by t;, 

the expression becomes, -rrri, still being proportional 

to the efficiency of material. Consequently, that value 
of A, which gives the largest value to the expression 

a .„ will indicate the inclination at which the diago- 
nal will act with the greatest efficiency. 

This value of A, is found by differentiating the func- 

tion -TTTij (^ being the variable), and putting the dif- 
ferential equal to : by which process we obtain : 
d (^) =(2!±^^^=0, whence canceling the 

denominator, v^dh + h^dh = 2AMA, and h^dh = v^dh.* 
Then, dividing by dA, and extracting the square root, 
we have h—v; thus showing that an inclination of 
45° is the most advantageous for tension diagonals as 
far as relates to those members alone. 

Thrust Diagonals. 

LXVI. The efficiency of material in a thrust brace, 
is directly as the useful effect produced by the member, 
and inversely as the amount of material required in it. 

Now, the useful effect, as in the previous case, is 
as the weight sustained and the horizontal reach, while 
the amount of material, depends not only upon the 
stress and length, but also upon the ratio of length to 
diameter, which affects the power of resistance. 

Theoretically, the power of resistance is as the cube 
of the diameter (rf), divided by the square of the length 
(=r^x/i^, a rule which is not sustained by experience, 

* d(Roman), before a variable, or the function of a variable, denotes 
the differential of such variable or function. 

14 
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except in case of long slim pieces which break h^ 
lateral deflection, under a comparatively small com- 
pressive force. We will, however, use the rule for tibe 
present occasion. 

The efficiency of the material then, will be as the 
power of resistance and the horizontal reach directly, 
and as the stress produced by a given weight, in- 
versely ; which stress is asv^ ^ 4-/^ . Whence we have 

^^^/l±l (=_^) proportional to thecfficien<^ 

of material in a thrust brace. Making cPy=l,thelast ex- 
pression becomes -^A^,andthevalueof A which gives 

the greatest value to this function, will indicate the 
inclination at which a thrust brace will act with the 
greatest efficiency, as it regards the brace alone. 
Differentiating, and putting the result equal to 0, we 
have : 

d f ^ )^d. H^'4-^')F-P(^'-f7,«)^X2MA ^^ whence, 

multiplying by the denominator {v^+hrf^ we obtain 
dh (y2+A2)| = ih {v" + }f)l X 2M/i, and, dividing by 
n/{v^+h?)Ah, we have v^+h? ^\h%2h^ S/t^ whence, v^ =» 
8/^2 — f.;i ^ 2h\ and by evolution, v = Av'2, and h =-^ 
= 0.7072i;. 
If we deduce the value of the expression r-5-A-p-8j 

(which is ecj^ual to the horizontal reach divided by the 
cube of the length of brace), putting h=v and h=^v 
successively, we find the degree of efficiency less than 
the maximum, as above determined, by about 9 per 
cent in the former, and 8 per cent in the latter case , 
showing that considerable deviations may be made in 
the inclinations of thrust braces without much detri- 
ment to efficiency of material in braces, when required 
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bj oiher consi^eratioiis ; which will often be the c^B^y 
as will be seeu herei^er* 



£?F£OTS OF Inclination oy Dia^k>naj<s upon 6(E&Ea$ of 

C^OJIDS AND VbRXICALS. 

LXVIL The comparative eflfects of difibreat posi- 
fritions of diagonals upon the chords, may bo illustrated 
with reference to Fig. 21. It is manifest that a given 
weight won the centre of this truss, will produce a 
jertical pressure equal to iw at each of the points 
c and 6, and that each oblique member between.a and Wj 
will sustain a weight equal to ^w ; and will exert each 
a horizontal action upon the upper and lower choitls^ 

equal to iio. Hence, the stress of chordsintbecentro, 

will equal Iw xn, in which n represents the number 
of oblique members between a and tt?, qt betweeo^ 

n/honnA Xw n ^ Xin- v 



a,nd^. But n equals —whence ^wn^iw-y:— 
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Fig. 21. 
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The term A having been eliminated from the last ex- 
pression, it shows that the inclination of diagonals has 
no effect upon the stress of chords in the centre, pro- 
duced by weight in the centre of the truss ; and by 
similar reasoning it is shown that the same is true in re- 
laticn to other parts of the chords, or to weight at any 
othe- points in the length of the truss; the only differ- 
ence being that the shorter the panels, or the smalls 
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the value of A, the shorter the intervals at which the 
iccrements in the stress of chords are added, and the 
lebs the magnitude of such increments, in the same 
•ii'oportion. Hence, in general, there is no diflTerenc® 
ia the stresses of chords, whether the diagonals have 
cae inclination or another. 

With regard to the effect upon verticals, that part 
of their stress which they receive through diagonals^ 
is equal to the weight sustained by those diagonals, 
and is the same for a given weight, whatever be their 
inclination. On the vertical wc, the pressure is re- 
ceived directly from the weight. But on the next ad- 
jacent vertical, on either side, one-half of the same 
pressure is received through to the intervening diago- 
nal, and transmitted to the next, and so on to the end. 

Consequently the aggregate action of verticals, pro- 
duced by the weight w^ is equal to w + jM?n, taking n 
fcr the . number of verticals receiving their stress 
through the medium of diagonals, and which is equal 
to the whole number less 3, when the number is odd, 
and the verticals act by thrust, as assumed in the case 
of Fig. 21. If the weight be applied at the lower 
chord, the whole action of verticals is communicated 
through diagonals, the latter acting by tension. 

Hence the aggregate action of verticiils increases and 
diminishes with their number, and economy as regards 
those members, would require the diagonals to incline 
at a greater angle with the vertical than that which 
is most favorable as to the diagonals themselves. 

We have seen, however [lxvi] that by placing the 
diagonals at 45° when they act by thrust, we lose about 
9 per cent in economy of those members, and we now 
learn that such an arrangement increases the economy 
in verticals to a considerable extent by diminishing 
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tlieir number ; the actual amount depending somewhat 
upon the number, and not deducible by a general rule.. 

We shall not, however, err greatly in assuming, that 
with an inclination of 45°, for thrust diagonals in con- 
junction with tension verticals, the loss upon the 
former is quite made up by saving in the latter, and 
that a less inclination in this case, should be regarded 
as very questionable practice. 

In case of tension diagonals and vertical struts, a 
saving in material may undoubtedly be made by mak- 
ing the horizontal greater than the vertical reach of 
the diagonal, whenever such a course is fouad consist- 
ent with a proper regard to just proportions of the 
truss in other respects ; such as width of panel, depth 
of truss, etc. 

The Width of Panel. 

LXVIIL Which we have represented in our formu- 
lae by A, has only been hitherto considered as to its 
relations to v, representing the depth of truss. 

With regard to the best absolute value of A, the ques- 
tion is aftected by the relative expense of floor joists, 
and the extra amount of material and labor in forming 
connections at the nodes of the chords; as well as, in 
some cases, the lengths of sections in the upper chord. 
The latter requires support laterally and vertically at 
intervals of moderate length, depending upon the ab- 
solute stress, which, other things the same, governs the 
cross section. 

The upper chord usually, of whatever material, has 
a crofis-section so large as to exclude all danger of 
breaking by lateral deflection, in sections of 10 to 14 
feet ; and, as there will seldom be occasion for exceed- 
ing these lengths in cancclated trusses, the increased 






Expense of joists for wide panels, ftttd tbe expense of 
extra connectious in narrow ones, d;re the principal 
considerations afiecting tlie absolute valae of A^ ad an 
element of economy. 

The traiiafverse beams, supposed to be located at the 
nodes between adjacent panels, may, of course, be pro- 
portioned. to the width of panel, so as to require essen- 
tially the same material in all cases. But the joists, op 
track stringers of rail road bridges, the depth being 
proportional to the length between supports, have a 
suppurling power as their cross sections; and since the 
load, at a given weight to the lineal foot, is directly as 
the length, it follows, that to support the same load per 
foot, as bridge joists are required to do, the cross-sec- 
tion should be as the length. The expense of joists 
and stringers, therefore, is directly as the width of 
panel.* 

On the contrary, the expense of connections 
will be as the number of panels, nearly, and conse- 
quently, inversely as their width, or inversely as the 
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♦The thicktiesd of joist most ecohoiiiical for a short roach wouM be 
liable to buckle with greater lenjftli and depth. Hence joists require 
ihcreaifte of thickness With increase of length and depth. The thick- 
ness shonld be as the depth, and the cross- ssction, as tire square of the 
depth (tZ). 

iJpon this ba^^, the required material for joists, increases at a greatelr 
ratio than the increase in width of panels. The supporting power of a 
joist or beam of a given form of section, or a given ratio of depth to 
thickne^, is as the cube of the depth directly, and the length (l) in- 
versely ; orj as -?-• 1^ there l>e two j olsts of depths respectively as d and x, 
and lengths as I and nZ, their supporting powers P, P'', for load simi- 
larly applied, will be as-.- to -j. But the power should be as the load ; 
in other words, as the length of joists. Hence we have the proportion, 
-r- : —. : : I : tU, whence, nd^ — =— and x ■= e^/if. N6w n is as the length 

cff joists, and the depth, therefore, is as the f power of the length, and 
the cros^-section, and consequently the required material, as the ^ 
power of the length. Hence, if m represtjnt the material for joists 
trith pariels of a given width, the mat erial for panels twice as wide, 

■^ill be reprfesentetl by m X '^y^'"^'KW=. m2.52. But this is father 
lu^ticipating the subject of lateral, of transverse strength of beams. 
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length of joists. Hence, if we could find the point 
where the cost of connections (consisting of extra 
material in the lappings of parts, connecting pins, 
screws and nuts, and enlarged sections at the ends of 
members, together with the extra labor in forming the 
connections), becomes equal to the whole cost of m^ 
terial in joists or stringers ; that would seem to indi* 
cate the proper width of panel, or value of A, as far aft 
depends upon these elements. 

But aside from the fact that our data upon this 
question are so few and so imperfect, that it would be 
mere charlatanism to attempt to reduce the matter to 
a mathematical formula, the occasions would be so 
rare which would admit of the application of such 
formula, without incurring disadvantages in other re-' 
spects, such as improper inclination of diagonals, un^ 
suitable ratio of length to depth of truss, &c., that na 
attempt will be here made to give any thing niore 
definite upon this point, than to refer to the best pre- 
cedents and practice of the times ; which seem to con- 
fine the range of width of panel mostly within the 
limits of 8 and 15 feet. 

Within these limits, and seldom reaching either ejc-, 
treme, plans may be adapted to any of the. ordiparir 
lengths of span, by adopting the single or double cafe 
eelated trusses. Figs. 12 and 13, or 18 and 19, or. the 
arch truss Fig. 11, (which unquestionably contain tbe^ 
essential principles and combinations of the best trusses 
.n use), according to length of span, the purposes ol 
the bridges respectively, or the taste and judgment ot 
engineei's and builders* 
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ARCH BRIDGES. 

LXIX. An arch bridge may be distinguished from 
an Arch Truss Bridge^ by tHe fact that in the former, tho 
bridge and its load are sustained by one or more arches 
wUhoui chords ; and, consequently, requiring external 
means to withstand the horizontal thrust or action of 
the arches at either end ; which means are afforded by 
heavy abutments and piers, in case of erect arches, and 
by towers and anchorage in the earth, in case of in- 
verted, or suspension arches. 

It is not the purpose of this work to treat elaborately 
of either of these forms of bridging, as the author's 
experience and investigations have been mostly con- 
fined to truss bridge construction. But as some of the 
largest bridge enterprises and achievements of the age 
are designed upon the principles here referred to, a 
brief notice of the subject, and some of the conditions 
affecting the use of these classes of bridges, may be 
regarded as desirable in a work of this kind. 

Suspension, or inverted arch bridges of very great 
spans, have long been in use, both in this and foreign 
countries ; and the capabilities of that system have been 
pretty thoroughly tested experimentally and practically. 

But bridges supported by erect metallic arches, have 
hitherto been confined to structures of moderate span. 
Within a few years, however, the magnificent enter- 
prise of spanning the Mississippi at St. Louis by three 
noble stretches of about 500 feet each, supported each 
by four arched ribs of cast steel, has been undertaken 
and is understood to be in rapid process of execution. 
The interest naturally felt in the progress and final 
result of this grand enterprise, by students and practi- 
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tioners in the engineering profession, will perhaps aid 
in rendering the following brief^ and somewhat saper- 
iicial discussion acceptable. 



LXX. An erect arch subjected to the action of 
weight, or vertical pressure, is in a condition of unsta- 
ble equilibrium ; and can only stand while the weight 
is so distributed that all the forces acting at each point 
of its length, are in equilibrio. To illustrate this, we 
may assume the arch to be composed of short straight 
segments meeting and forming certain angles with 
one another, and the weights applied at the angular 
points. 

A weight at <?, Fig. 22, for instance, acts vertically, 
and, if dc be produced till it meet the vertical drawn 

Fia. 22. 




through b in m, then the triangle bcm has its sides 
respectively parallel with the directions of three forces 
acting at the point c; namely, the weight at the point 
c, the thrust of the segment 6c, and that of dc. Hence, 
if these three forces be to one another as the sides of 
said triangle, — that is, if the weight {w) : thrust of be : 
thrust of dc:: bm: be: cm, then they are in equilibrio. 
If 2^ be greater than is indicated by this proportion, 
the point c will be depressed, bed approaching nearer 
and nearer to a straight line, and becoming less and 

15 



114 BOIDGE BuiLDDfO. 

leas able to support the weight, and a collapse must 
result. 

li* w be less than the above proportion indicates, it 
will bo unable to withstand the upward tendency of 
the point c, due to the thrust of be and dc (or, to the 
preponderance of the vertical thrust of bc^ over that of 
dc)y the point c will rise, the upward tendency becona^ 
ing greater and greater, and the result will be a col- 
lapse, as before. The same reasoning, and the same 
inference, apply to any other angular point, as at c. 
It isj therefore, only in theory that such a thing as an 
euuilibrated erect arch, can exist. The arch is here 
considered as a geometrical line without breadth or 
thickness. 

It is this property of instability, in the Erect Arch, 
that the diagonals in the Arch Truss^ [Figs. 5 and 11] 
are designed to obviate, and to enable the arch lo re- 
tain its form and stability under a variable load. 

LXXI. Still, in theory, an arch may be in eqiiilibrio 
with any given distribution of load, whenever the points 
a, 6, c, etc., are so situated that the sides of tho trian- 
gle bcm^ for instance, formed by a vertical with lines 
respectively coinciding or parallel with the two seg- 
ments meeting at c, are proportional to the 3 forces 
acting at c, as above stated, and so at the other angu- 
lar points of the figure. 

To construct an equilibrated arch adapted to a giveu 
distribution of load, consisting of determinate weights 
at given horizontal intervals between the extremitieai 
of the arch, we may proceed as follows : 

Draw a horizontal line representing the chord ak^ 
and upon the vertical Cft^ erected from its centre, take 
Coequal to the required versed sine, or depth of the 
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Af eh ftt the amite. Also, take //« Cf, and erect verti- 
cals npoTi the chord, kt all the points at whicL the load 
is applied, and join a and t. 

Then, if the load be uniformly distril uted (horizon- 
tally) upon the arch, we have seen, [lii], the arch 
erhould be a parabola, to which of course, at is tangent 
at the extremity, a. But, regarding ab as tangent to 
the ciirve at r, half way between a and b (horizontally), 
we seek the abscissa /i, which is to Cf:: r^: aC* 
Then, taking the distance of /m=/5, au is tangent to the 
curve at r, and coincides with the first segment [ab] oi 
the arch. (These segments are supposed to be so* 
short, that the tangent and curve may be regarded ad 
essentially coinciding, for the length of a single segment) . 

NoWj the thrust of a6, is to the whole weight bear- 
ing at a, as ru to us; and, erecting the vertical ai, such 
that al: ab: : weight at b : thrust of abj and drawing 
the straight line Ibcj cutting the second vertical in c, we 
have be for the second segment of the arcb, being in 
the line of to, which represents the resultant of the two 
forces acting at b ; namely the weight at 6, and the 
thrust of ab, , , 

In like manner, take 6m, representing the weight at / ^ 
tf, and the straight line mcd, meeting the third vertical \^' 
in rfj gives cd as the third segment of the arch. . /^>^ 

Repeat the same operation for each of the succeed- 
ing segments rfc, e/, &c., till the arch is completed^ and ^yn\*' 
it is obvious that the forces acting at each of the several ^ <u^,^ ^A., 
angular points b, c, d, Ac, are in equilibrio ; and that rvvNtt-.^ 
the arch throughout is, theoretically, in a state oi 
equilibrium. 

We may vary this process so as to secure greater 
aceuracy oi construction, in the following manner : 



I 



':«.V ^^^'^ 
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Producing U>c till it meets Ct in t?, we see that abl and 
ubv are similar triangles, and al : uv :: horizontal dis- 
tance of I : horizontal distance of v, from the point 
6. Hence, we may take the point v instead of the point 
Ij by which to establish the position of the line 6c, and 
thereby secure greater relative accuracy of measure- 
ment. 

So may we also take ry', or lU instead of 6m, to de- 
termine the line cd. By this means we multiply the 
small spaces aly 6/n, &c., and diminish the amount of 
error in measurement, and if the angular points, or 
nodes be at uniform horizontal distances, the process is 
very simple. 

LXXII. We have assumed, in describing the arch 
a, bj Cy d, &c., a uniform distribution of load, horizon- 
tally. But the general process is obviously the same 
for an unequal distribution, after locating the first seg- 
ment ab ; which we may do by first ascertaining the 
amount of bearing at a, due to the load of the arch. 
This will be to the whole load, as the distance of the 
centre of gravity of load from A% horizontally, to the 
whole chord ale. For instance, if the centre of gravity 
be halfway between C7and A, one quarter of the load 
bears at a. The weight bearing at a, whatever it be, 
may be represented by A; and supposing it to exert 
the same horizontal thrust at a as half the load (W), 
would do when uniformly distributed, we take u' in 
fty so that J "W : A : : uC: w'C* Then au' gives the 
direcaon of ab\ and we proceed in the same manner 



* We may assume any amount of horizontal thrust, and the greater 
the assumed thrust, with &- given load, the less will be tho depth o/ 
the fTch, and vice versa. It is proposed here to construct an equili- 
brated arch a,' b'cl d,'&c., of about the same rise at the crown, as the 
normal curve, a, b c, d, &c., has. 
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as before using the weights given for the several nodes 
of the arch, to determine the points c\ d\ &c. These 
being connected by straight lines, we have an equili- 
brated arch adapted to the given distribution of load. 

LXXm. But of course, this arch will not stand 
under any other disposition of the load. To obviate 
this difficulty, and to construct an arch which will 
stand under a variable load, without the chord and 
counter-bracing of the arch truss, the device has been 
adopted, of constructing the arch of such vertical width 
that all the equilibrated arches or curves, required by 
all possible distributions of load; may be embraced 
within the width of the arched rib. Then, if there be 
sufficient material to oppose and withstand the forces 
liable to act in the lines of said several equilibrated 
carves, complete vertical stability must result. 

The proper width, or depth of the arched rib, will 
depend upon the length and versed sine of the arch, 
as well as the amount and distribution of load ; and 
the material will act most efficiently, when mostly dis 
posed in the outer and inner edges, or members of the 
rib, and connected, either by a full, or an open web, to 
distribute the action between the outer and inner :nem- 
bers, according as the resultant line of action approaches 
the one or the other of those members. 

The normal form of the arch should bt such as to 
be in equilibrio under a uniforni load,* and hence it 
will be parabolic, as to the movable load, and the 
weight of road-way, and catenarian, as to the weight 



* The method above explained, for descfliriQ Ar» ec:niM> rated arch, 
is applicable to all cases where the load, bo'L ci^nataut ar.d variable 
acting on the several parts of the arch, Jf? kno .vn, whether it be the 
normal curve, adapted to a full load, or a distorted curve, suited to as 
Irregular distribution of load. 
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of arches (as far as they are uniform in section), an4 
should approach the one or the other form, according 
to the weight of arches, as compared with the other 
weight to be supported thereby. 

Ihe distance between outer and inner members, or 
the width of web, reckoned from centre to centre of 
those members, should be such that no condition of 
unequal and partial load, could throw greater actiou 
at any point of either member, than the extreme ui^i- 
form load would throw upon both. 

Let us suppose that the curve a, b, c, rf, etc., be cen- 
trally between the two members and that rfcf', and AA' 
be the greatest verticaldepartures,iuward and outward, 
of any equilibrated curve, from the normal curve a, A, 
c, etc. 

Let us further suppose that the thrust of the arcjti 
at the points d and A, be | as great under the Ipad g.c,tr 
ing in the curve of greatest departure from the normal 
as the extreme uniform load produces at those points. 
Then, if the outer and inner members of the rib, be 
placed at a distance of six times the greatest departure 
of the distorted Trom the primary, or central curve, 
one member will be twice as far from the line of action 
(at the point of greatest departure), as the other, and 
the latter will sustain two-thirds of the action, equal 
to one-half the action of the full load, and the same as 
in the latter case. 

If the width of web be less than six times the great- 
est aberration of the distorted curve, the action, under 
the suppositions above, will be greater upon one mem- 
ber than that due to a full uniform load ; a condition 
altogether to be avoided. 

A few trials at constructing curves adapted to as- 
sumed possible distributions of load, may determine 
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satisfactorily what condition gives tbe curve of great-^ 
est distortion and tlie greatest departure from the nor- 
mal ; and the amount of action under that condition, 
can l)e readily calculated with sufficient nearness, 
whence the propor width of web may be deduced. 

LXXrV". The points of the equilibrated curve may 
be located by calculation, and perhaps with as much 
ease, and greater accuracy than by construction. 

Suppose Fig. 22 to have a vertical depth, Q\ equal 
to one of ten equal sections of the chord ak. Having 
found the length oifit^ in the manner already explained 
[lxxi], it is known that for a uniform load at each 
angle, the vertical reaches of the several segments, 
begining at the centre, are as th« odd numbei's, 1, 3, 5, 
7 and 9 ; and, if we conceive Cf to be divided into 25 
oqual parts (25 being the sum of theoe numbers), each 
of these parts will be equal to 0.04Qr, or .04i;; and this 
fector, multiplied by the numbers 1, 8, 5, &c,, give the 
vertical reaches of the respective straight segments, 
which vertical reaches being substracted successively 
from r, and successive remainders, show the several 
verticals to be as follows: At the centre,/, vertical = 
Cf=v. At e, vertical = i; — .04y = .96i\ At d, verti- 
cal = (.96— .12)y = .84?;; at c, vertical = (.84— .2)y = 
.64y, and at 6, vertical = (.64 — .28)y, = .36y. This es- 
tablishes the normal curve for uniform load. 

Now, supposing the weight of structure to be equal 
to Iw at each of the angles of the arch, and also, that 
a movable load of a like weight, w, be acting at each 
of the five points/, g, h, i^j ; the permanent weight of 
structure gives a bearing of 4.5m; at «, and the movable 
weights at /, g^ A, &c., give respectively .5a?, Aw, .3m?, 
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IWj and .!?(?, together, equal to 1.5w ; making the 
whole bearing at a, equal to 6w, which is |th less than 
if the same weight were distributed uniformly. 

Then taking Cu' = f Oi, and drawing the line au\ 
(not shown in the diagram), we have the inclination of 
ab\ the first segment of the required curve, which gives 
the same horizontal thrust at a, as the normal curve 
would exert under the same load uniformly distributed. 
We Hud fa (=/«), by the proportion, 

Cfifs:: Ua^i^: 5?) : si^ (= lli^ : : 25^^ : 20.2&;2 : : v 
: .81v; and, reducing l.Sli? {==Cu), by one-seventh, we 
obtain CV = 1.5514y, This length is to aC : : A (=62£?), 
: horizontal thrust ofab^ ; that is (making r=l), 1.5514 

: 5 : : 62^ : 4^ = 19.33m;, = horizontal thrust ab. 

l.ool4 

Now, if this thrust be represented by JaC, = i?=l, 

then w will be represented by a space equal to tottoj =* 

.05173, which is equal to the vertical departure (D), of 
6'c' from a6V. Knowing the value of this departure 
which, of course, is directly as v, and inversely as fl(7), 
we can locate the points c\ d\ e' and/', by their verti- 
cal distances from au\ as follows ; The vertical at 6', is 
evidently equal to Jxl.5514, == .31026; consequently, 
the vertical ate' = 2X.31026 — .05173 == .56879. Ver- 
tical at d' = 3X.31026— 3x.05173 = .77559. Vertical 
e' = 4X.31026— 6X.05173 = .930{)8, and the vertical at 
f, equals 5X.31026— lOx.05173 = 1.034, showing that 
the new curve crosses the normal, between e and /, and 
f is above /, but not shown. 

Then, if each of the segments 6V, c'rf', &c., be pro- 
duced to meet the indefinite vertical drawn through a, 
they will e-idently cut that line at intervals of D, 2D, 
3D and 4D tog-etbcr, equal to 10 D, = .5173. Then, 
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tba weight at/ being equal to 2Wj it follows that fg^ 
makes twice the deflection from e'f^ that the latter 
makes from d'e\ that is, equal to 2D in the horizontal 
distance of Iv, or 1, or lOD (= .5173), in the distance 
aC^ or 5. Hence, Z^' produced, cuts the vertical at a, 
twice as high as e'/ cuts it, or, at a point 1,0346 above 
a; being just as high as the point /^; except a small 
difference resulting probably from omitted fractions. 
This shows that /y is horizontal, and tangent to the 
curve at its vertex. 

It follows that all the weight at/', and at the left of 
that point, is brought to Dear at a, and all that at ^', 
and on the right thereof, bears at k. This affords a 
check upon our work thus far, as we already knew 
that the bearing at a was equal to 6m7, and we now see 
that this is made up of Iw at each of the four points 
6', c% d\ e\ and 2w at /'. If/y were not horizontal 
the arch could not be in equilibrlo under the assumed 
condition of load. 

Now, as we manifestly have for the 4 remaining 
segments, a vertical reach for each, as the weights 
they respectively sustain; i. e., equal respectively to 
2D,4D,6D,and8D; making 20D(=(3r); altogether, we 
have only to subtract these quantities successively from 
Cf^ (=1.0346), to obtain the lengths of verticals at A', 
i'j y ; as follows : 

1.0346 — 2 X .05173 = .931,14 = vert, at h' 
.93114 — 4 X. 05173 = .72422= " " t 
.72422 — 6 X. 05173 = .41384= " " / 
.41384 — 8 X. 05173 = " " k 

The differences between these lengths of verticals, 
and those of the normal curve at the same points, show 

16 
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ttie aberrations vertically, of the distorted, from tke nor- 
nal curve, as below. 

Nor. Diet. Btiow. Abore; 

6i'=.36_.31026=.04974 " 

Qc' «.64— .56879«.07121 " 

fiW'=:.84— .77559=«.06441 " 

te = .96— .93068=.02952 « 

Diet. Nor. 

jgf =1.034 — 1.00=« .034 

9/=1.034 — .96= .07446 

AA'= .93114-..84=x .09114 

ii' = .72422— .64= .08422 

jy'= .41384— .36=- .05384 

LXXV. From this exhibit, we perceive that the great- 
est vertical aberration externally for the condition of load 
here assumed, is at AA', and equals .091y, and the great- 
est internally, at cc' (or a little to the right of these 
points in both cases), equal to .071i', traversing a zone 
equal in width to .162y. nearly J of the versed sine of 
the normal curve. 

Now, we have seen that the horizontal thrust of the 
arch for a gross load of 147/7, equals 19.23w7, with the 
assumed proportion of versed sine to span, as 1 to 10, 
whether upon the normal or the distorted curve ; and, 
the thrust being evidently as the gross load, other 
things the same, it follows that, with the full gross 
load of 18i(?, or 22/? at each angle, the thrust would be 
to 19.33m? as 9 to 7. Hence the load, as above assumed, 
produces |, or 77 /q- per cent of the maximum thrust 
iinder the full uniform load. 

The uniform load being supposed to act equally upon 
the outer and inner members of the rib, the action of 
50 per cent is due to each ; and, in order that neither 
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member, at the nearest approach to the eqtiilihrated 
eurve, may be subjected to greater stress than Qnd^ 
the greatest liniform load, the web should be so wide 
^at (assuming the outward and inward aberrations to 
be each equal to the mean of .081y, and putting a:=* 
width of web), x\ Ja:+.081i' : : 77.7 : 50. Whence 50:c 
**38.88a;+77.7x.081v ; and a:==:.557i;. 

But this value of x being equal to the distance verti- 
eally across the web between c and rf, or between h and 
t, is greater than the distance square across, about in the 
ratio of distance from a to/, to the line aC, in this case 

asv^26^: 5. The actual width of web, therefore, is only 
•545y, still considerably more than half the versed sine 

The condition of load- here supposed, m^ay or may 
not be the one requiring the greatest distortion of the 
^uilibrated curve. The case has been aissumed to 
illustrate this discussion, as it seemed likely to be near 
the condition requiring the greatest width of web ; 
and I leave this part of the subject, without attempt^ 
fcg a more general and determinate solution of the 
question. 

LXXVI. The movable load has been taken as only 
equal to the weight of superstructure, upon the suppo- 
sition that this style of bridging would seldom be 
adopted, except for very considerable lengths of span, 
where the weight of superstructure is relatively greater 
than in case of short spans. 

This double arch, as here under consideration, con- 
lasting of an outer and an inner curved member, con- 
nected by a web, in order to act most efficiently should 
be so adjusted that the outer and inner membei's may 
be subjected to equal action under a full maximune^ 
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uniform load. Hence, the normal and equilibrated 
curves, reipreaenting the line of the resultant of forecs 
acting upon the arch, have been assumed as terminat- 
ing at each end, at points centrally between the ex- 
tremities of the outer and inner curved members. 

It might seem possible that the distorted curve 
adapted to the above assumed condition of load, might 
80 fall as to recross the normal between the points of 
greatest departure and the ends, and thus diminish the 
extent of aberration, and the necessary width of web. 
If the curve a, 6', c', etc., be turned upon its centre, by 
raising the end at a, by ^rds of the greatest departure, 
that is, by Jx.081y,=.054i?, the aberration half way 
between a and/, where it is at or near its maximum 
point, would be reduced by .027v, and become .054» 
just the same as at the end. The other end would droj. 
to the same extent, and would reduce the outward 
aberration in the same degree. This, of course, woultt 
be the least possible extent of aberration ; and if we 
could rely upon the resultant stress following this curve 
in such a position, it would enable us to diminish the 
width of web to .364i;. 

But there seems to be no obvious reason why we 
should assume the equilibrated curve to take the posi- 
tion just described, rather than one with the leri. end 
below a, and the other above ky thus increasing instead 
of diminishing the aberration. Hence, in the case ol 
an arch ribbed bridge, liable to a movable load equal to 
the weight of structure, foot for foot, upon the whole or 
any part of its length, if the web of the ribs be less 
than 36-lOOth, of the versed sine {Cf¥ig 22), certainly, 
and if less than 54-lOOths probably, the material in the 
principal members is liable to greater strain in some 
parts, under a partial, than under the extreme load ; 
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which would be decidedly an unfavorable condition, 
with regard to economy. 

♦ 

LXXVn. The operation of the web in distributing 

the action upon the outer and inner curved members 

of the rib, and transferring it from one to the other, 

may be understood by the diagram Fig. 23, exhibiting 

said curved members, connected by a web consisting 

of a simple system of diagonals, capable of acting by 

thrust or tension as may be required. 

The normal curve is represented parallel with, and 

midway between the curved members ; and the equili- 

Fia. 23 




brated curve is represented as crossing the normal 
near/, meeting it again at a and ky at Ihe ends; and 
having its greatest aberrations at c and h. It is mani- 
fest that the action of the outer member at i, is to that 
of the inner one at J, asjA to ih (inversely as their dis- 
tances from the distorted curve), and that the action 
upon the outer diminishes, while that of the inner one 
increases each way from i and J, until the action upon 
the two becomes equal at the meeting of the curves at 
kj and at the crossing point near/. Hence the dia- 
gonals leaning toward the point i must act by thrust, 
while those leaning fromj, act by tension. On the 
contrary at rf, where the greatest compression is upon 
the inner member, and diminishes each way, the dia- 
gonals leaning from e^ act by thrust, while those lean* 
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iDg toward c^ act bj tension. Tbe teasion diagonals 
are represented by single, and tbe tbrast diagonals, by 

double lines. 

But tbe action changes more or leas with ev^ry 
change in the position of the load, and if the load were 
re- orsed upon the two halves of the arch, each dia- 
gonal here represented as acting by thrust, would then 
act by tension, and vice versa. 

.'^Tow, assuming that dc = Jc«, and that the action 
apon the inner member at this point equals twice that 
of .[he outx^r one, it follows, since the action should be- 
come equal upon the two at a, that J of the whole 
tliiust of the rib must be transferred from the inner to 
the. outer member between c and a, by the thrust and 
pull of diagonals, exerted in the direction of the normal 
curve ; the action accumulating and increasing upon 
BuccessivQ diagonals each way from c, and in lik^ 
manner from h. 

The action of diagonals is still further affected by the 
transfer of the action of load, from the outer to the inner 
member; theload being first applied directly to the outer 
curved member. Hence it becomes a somewhat com- 
plicated problem to determine the maximum actioa 
of diagonals; especially as the complication becomes 
increased by taking into account the 

Effects of Temperature. 

LXXViil, The expansion and contraction of metallic 
Urches without chords, the ends remaining fixed as tc^ 
position and distance asunder, must obviously cause 
the intermediate portions to rise and fall with the 
increase and decrease of temperature. 

The outer and inner members, if parallel, being 
lumilar concentric arcs, will rise and fall, by the same 
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(Ganges of temperature, proportionally to their respeor 
tive radii ;* the outer oae uud'ergoing the greater ver* 
tfcal change, whence, it must follow that in warm 
weather the outer, 5t?d in cold weather the ini^er 
member sustains ti^ gi^eater relative compression , a. 
result for which there appears to be no obvious remedy, 
except by balancing the end bearings upon pivots at a 
and k; whic^h would allow the two curved members to 
atJjust themselves to an equal action upon the twa 
Or, if the curves be formed upon the same radius, and 
of equal length, they would rise and fall alike, and the 
distance across the web vertically, wo'Md be the same 
at all parts of the arch. 

In this case, as in all* others, of the arched rib, the 
depression of the arch, whether from reduction of tern-- 
perature, or the action of load, would be att^aded bjr 
increased thrust action, or diminished tension acd^H' 
upon diagonals less inclined from the vertical position, 
and the reverse of action, upon those more inclined. 

The absolute rise or fall of an ai*ch, resulting froal 
a given change of temperature, may, withorut essentiflA 
error, be regarded as proportional to tbe change in tks: 
length of a circular arch of the same span and depth- 
(from chord to vertex), within the Usmbt of dbange 
produced by temperature ; and, may be found by ike 
following process : 

Divide the square of the half chord by the d^th <if 
arch {v)y add the divisor to the quotient, ^d half ihe 
Bom equals the radius. Divide the balf-cbord by the 
ra£as, to get the natural sine of half the arc; find 
m the table of natural sines, the angle corre^ondiag 

♦The cvTves not b«in;^ suppos^ to be drcnlar arcs, it is not stncthr 
correct to hpciJk of their radii, bat the meaning ^iU be comprciiended 
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with the siiie thus found, and double that augle, for 
the number of degrees in the arc. Multiply the num- 
ber of degrees (reducing minutes and seconds to the 
decimal of a degree), by .01745329 (= length of a de- 
gree, radius being equal to 1), for the leugth of the arc. 

Then, in the same manner, find the length of an aic 
upon the same chord, and with a depth {v') one or two 
per cent greater or less than v ; and, the difl:erence in 
length of arcs thus found, is to the difference between 
V and v\ as the change in length of arch due to the 
given change of temperature, to the rise or fall of the 
arch, resulting from such change. 

By applying this rule to a specific case, we can the 
better appreciate the importance of the effects of change 
of temperature upon this species of arched ribs. If we 
assume an arch of 500 feet chord and 50 feet depth, =w, 
we find the length of arc to be 513.25 ft. The length of 
an arc of the same span, and a depth (i?') =■ 51 /i?., la 
613.715//., the difference being 0,465//. The expan- 
sion of steel for a change of 110° Fahrenheit, is 
.0007271 X length (513.25), = .37318. We have, there- 
fore, .465 : 1//. : : .37318 : .8025//. = rise or fall of the 
arch in the centre, resulting from a change of 110**. 

Regarding this rise in the centre as the abscissa of 
a parabola, and the half chord as the corresponding 
ordinate, the rise at any other point of the curve is 
equal to the difference between .8025, and the abscissa 
answering to the ordinate of the given point. 

Suppose the point he 10 feet from the end, and the 
ordinate, of course, 240//., we have, 250^ : 240^ : : .8025 
: .7395 = abscissa for the given point; whence the 
rise at that point, equals .8025— .7395 = .063//. 
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Let Fig. 24 represent the end portion of the arch, abe 
the upper, and gc the lower member, ag and be tho 

width of web,—12'. flfc, with a 
Fia. 24. horizontal reach of 10', equals 

20' "*^ 10.75'. Then, bg b^dng re- 
^ ^.,.....,..'1^^ garded as a rectangle, the 

diagonal ac=» 16.1ft ajul the 
temperature being rr.i:'odllO^, 
the points 6 and c rise to 6' and 
c', 66' being equal to the ver- 
tical rise multiplied by the 
cosine of the angle abd^ i. e., 
equal to .062 X cosine abd. 
This angle is a little over 22^, and its cosine about .98 
whence 66'=.058ft,=cc'. Joining a with c', and draw- 
ing cy at right angles with oc, and ac' (as these lines 
are essentially parallel), we have cj^^cdy. sin. acb^cd 

X — =.038ft,=s the contraction required to take place 
in the length of the diagonal oc, to accommodate a 
change of 110** in temperature. 

In the mean time the point e rises to e', tho distance 
es! being equal to .l.:47, so that del is extended about 
the same as ad is contracted ; a change equal to what 
would be produced by a force of 70,000 9)s to the square 
inch of cross section. 

If the normal length of the diagonals be adjusted for 
a medium temperature, the change would be half the 
above amount each way, or equal to that produced by 
85,000 »)3 to the inch. 

Succeeding diagonals toward the centre would bo 
affected in a similar manner, though in a less d^^greo ; 
and the consequence must be an accumulation of thnist 
or compression upon the inner member t/>ward ♦hi 
centre, and the outer one toward the ends, ut on a n^ 

17 
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of temperatare, and the reverse on a fall below th: 
normal point. 

The Width of Web. 

LXXXIX For an arch of 500 ft. chord, and 50 foot 
depth. Wo have seen that, with a load as assumed 
[lxxiv], with reference to Fig. 22, the aggregate aber- 
ration outward and inward, traverses a zone of .16227, 
equal in this ease, to .162 x 50 «= 8.1 ft. If the web> 
therefore, be 8.1 feet wide between centres of curved 
members, th^ equilibrated curve will reach the centr<j 
of said members at the points of greatest aberration, 
both ways, and the whole thr ist at these points, will fall 
upon a single member, producing as we have alreadj 
seen, 77 j\ per cent of the amount of thrust due to a 
maximum uniform load ; being over 55 per cent mcMre 
stress under a partial than under a full load. 

Again, suppose the web to be 12 feet wide. The 
distorted curve would approach within two feet of the 
outer and inner curved members, tlirowing upon one 
member at one point, and upon the opposite member 
at another point, almost SO per cent more action than 
what is produced by the full maximum load. It was 
shown moreover {lxxv] that nothing short of .545va 
.545x50=27.25 feet width of web, could be relied on to 
give as small a stress upon the curved members in this 
particular case of a partial, as that produced by a fisll 
maximum load. 

This would be an inconvenient, and au eyp(^n«ive 
width of web, and probably a less width wo"j;/I -m; pre- 
ferable, even with a greater occasional stre-^s Tpon hs 
curved members which might be enlarged ::n sectici. 
in parts liable to the greater stress. Ert I shall rot 
undertake at this time, to determine the exv,2t optimum. 



Finally, considering the difficulty of securing the 
most efficient thrust action of the curved members of 
the arch, the serious disturbances as to the action of 
the diagonals composing the web system, occasioned 
by changes of the temperature, together with the extra 
weight and strength of piers and abutments to with- 
stand the horizontal thrust of the arches, it seems rea- 
sonable to conclude that the erect metallic arch bridge 
will only be adopted under rare and peculiar circum- 
stances ; and that in such cases, the plans should be 
subjected to especial examination and investigation. 

Truss bridges possess the advantage of haying all 
the forces in operation, exceipt the vertical action of 
weight, and the opposite resistance of the end supports 
resisted by means of members contained within the 
structures themselves, and composed of xnateriarls of so 
nearly uniform expansibility by heat, that no important 
disturbance in the relations of the different members, 
can be produced by changQ3 of temperature. Plans, 
also, may be so arranged as to secure a neair approxi- 
mation to uniform maximum stress upon all the parts; 
at least, to a much greater degree than seems practica- 
ble i?i the caee of the arch without chord£i« 
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BRIDGE MATERIALS. 

LXXX. Having discussed the general principles 
and relative characters and merits of dift'erent plans 
and forms of bridge trusses, and their proper propor- 
tions, particular and general, the question as to the 
best materials for the purposes of bridge construction 
may properly be considered. 

We have seen that the materials of a bridge truss 
are principally subjected to two kinds of action, that 
of tension, and that of compression. Lateral, or trans^ 
verse action should be avoided in the principal parts 
and members of the truss. 

It is obvious then, that those materials best calcu- 
lated to resist these kinds of force respectively, should, 
when practicable without sacrifice of economy, be em- 
ployed in the situations where those forces are respect- 
ively exerted. For instance, when the diagonals act 
by tension, the upper chord (or the arch, in case of 
the arch truss), and the verticals, should be composed 
of the material best adapted to the sustaining of a com- 
pressive force, while the lower chord and the diagonals, 
should be of the.best material for sustaining tension. 

Wood and iron are the only materials that have been 
employed in the construction of bridge superstructures 
to an extent worthy of notice ; and it seems reasonable to 
conclude that on these we must place our dependence. 

Cast iron resists a greater compressive force than 
any other substance whose cost will admit of its being 
ased as a building material. Steel has a greater power 
of resistance, but its cost precludes its employment ae 
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a material for building purposes.* Wrought iron re- 
^aists corapression nearly equally with cast iron. But 
xts cost is twice as great, which gives the cast iron a 
d "*ded advantage. 

On the other hand, wrought iron resists a tensile force 
nearly four times as well as cast iron, and 12 or 15 
times as well as wood, bulk for bulk. 

Not only are these the strongest materials, but they 
are also the most durable. In fact, with proper pre- 
cautions, they may be regarded as almost imperishable. 

It would seem then* that wrought iron for tension, 
and cast iron for compression, were the best materials 
that could be employed in building bridges. But 
Wood, though greatly inferior in strength and dura- 
bility, is much cheaper and lighter, so that, making up 
with quantity for want of strength, and by frequent re- 
newals, its want 'of durability^ it has hitherto been 
almost universally used in this country for bridge 
building ; and, in the scarcity of means, and the un- 
settled state of things in a new country, where improve- 
'ments are necessarily, to a great extent, of a temporary 
character, this is undoubtedly the most economical 
material for the purpose. 

But it is believed that the state of things has now 
assumed that degree of settled permanency in many 
parts of this country, and available means have accu- 
mulated to that extent which renders it consistent with 
true economy to give a character of greater permanence 
to our improvements ; and, in the erection of import- 
ant works, to have more reference to durability, even 
at the cost of a greater present outlay. In this view 

* This remark, made originally some twenty-five years apfo, may r©- 
qxuie some modification at the present time, when steel is being em- 
ployed extensively for rail way track, and in some important arch and 
Bttspension bridges ; but not in truss bridges, to the writer's knowledge. ^ ^ 
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of the subject, it seems highly probable that one of the 
channels in which this tendency of things will develop-- 
itself, will be in the extensive employment of iron in 
the construction of important bridges. With this im- 
pression, I proceed to some general comparisons as to 
the relative cost and economy of wood and iron as 
materials fcr bridges. 

LXXXI. The power of cast iron to resist compres* 
Bion, equals some twenty times that of wood ; conse- 
quently, it will only require one twentieth as much of 
the former to withstand a given force, provided it can 
be put into a form in which its liability to flexure, and 
yielding laterally, is not greater than that of wood/ 
This may bo accomplished in part, by giving the iron 
a hollow form, so as to make the diameter of the pieces 
approximate to an equality with twenty times the same- 
amount of wood, which must generally be used in a> 
simple rectangular, or cylindrical form of section. 

Assuming, then, that a cubic foot of cast iron will 
do the same work as 15 cubic feet of wood (after mak- 
ing allowance for the necessarily smaller diameter of 
the iron), we can institute a comparison which would 
seem, upon the surface, to show the relative economy 
of the two materials. 

A cubic foot of cast iron, manufixctured for the work 
will cost about $13.00. 15 cubic feet of wood in a bridge 
will cost, say $6.00. Whence it appears that the cast 
iron is more than twice as expensive, in the first outlay, 
icr sustaining a compressive force, as wood. 

Again a cubic foot of wrought iron in the work, say 
' bC It at V lets. =$34.00. 

"7 ood is about j'j as strong as iron. But about one- 
tialf of its fibres must be separated in order that the 
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otlier half may be so connected in the structure, aa to 
be available to their full strength, acting by tension. 
Hence, it will take some 30 feet to equal one of iron ; 
for which it will cost, say $12 ; showing a difference of 
a little less than three to one ; making the average ijy 
both kinds of iron, reckoning equal quantities of each^ 
about 2.6 to 1. 

To offset against this, we have the superior durability 
of the iron, which, as before observed, may be regardec 
as imperishable ; whereas, wood requires frequent re- 
newals, at a cost each time, equal to the first outlay* 
Now, the first cost of the iron is sufficient to provide 
for the first cost of the wood, and nearly two renewals^ 
Besides this, money, though an inanimate substanr3^ 
is, nevertheless, in these usurious times, made to be 
exceedingly prolific ; insomuch, that with good man- 
agement, it is found to double itself once in ten or 
twelve years, according to the hardness oiface in the 
lender, or oi fortune in the borrower. 

Assuming 5 per cent per annum as the net income 
of money invested, the terra of time in which the 1{^ 
dollars saved in the wooden structure, will require to 
produce one dollar for renewal, will show the time that 
wood ought to last, to be equal with iron in economy, 

One dollar and sixty cents at compound interest will 
yield, at 5 per cent, one dollar in a little less than ten 
years. Therefore, if an imperishable iron structure 
cost 2.6 times as much as one of wood, and the latter 
last but ten years, and money will net 5 per cent, com- 
pound interest, the two materials are nearly upon a par 
as to economy. 

Experience has shown that wooden bridges, unpro- 
tected by roofing and siding, seldom last with safety 
over eight years, or thereabouts ; and, the more there 
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be expended to increase the durability, the less sarplas 
capital will be left to be invested toward renewals. 

LXXXII. But the above comparison is too super- 
ficial and general to be entitled to a great deal of con- 
fidence, except, perhaps, as it regards the sustaining 
of a given weight by a simple post, or suspending it by 
a bar or rod of iron or wood. In the complicated as- 
semblage of pieces forming the superstructure of a 
bridge, there are numerous other facts and considera- 
tions which materially vary the results. First, there 
is a difficulty in connecting pieces of timber in such a 
manner that every part may be proportioned to the 
strength required of it, to the same extent as can be 
done with iron. Second, it is frequently necessary to 
use considerable quantities of iron in bolts and fastenings 
for putting together a structure of wood requiring great 
stability. Third, wood soon loses a portion of its 
strength by partial decay, and consequently, requires 
additional strength in the beginning, that it may be 
safe for a time after decav has commenced. 

Hence, but little can be predicated upon the simple 
general comparison of wood and iron as to strength 
and cost, relative to the comparative economy of the 
two materials for bridge building. 

It is only by comparing the results of actual experi- 
ence, or, where this has not been had, by comparing 
the results of detailed estimates, upon well matured 
plans, founded on well established principles, that a 
satisfactory conclusion can be arrived at. 

With regard to wooden bridges, much experience has 
been had, and the reasonable presumption is, that a goo i 
degree of economy has been attained in their construc- 
tion. But the idea of building iron bridges in thia 
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';o jntry, is of recent date, and bat little has been exp«ri- 
jientallj proTed in relation, to their cost and qualities. 

'liXXXm. This much, however, my own experience 
has demoustrated. Having received Letters Patent for 
an •• Iron Truss Bridge/* upon the arch truss plan, and 
constructed two bridges thereon, over the Enlarged 
Erie Canal (of 72 and 80 feet spans), one of which has 
been in use for six years, it may be regarded as a de- ^ 
raonstrated fact, that bridges may be sustained by^ '' 
iron trusses. It has also been shown that the cost of 
the above class of bridges, is only about 25 per cent 
more than the same class of bridges of wood, as hereUu 
fere built, under the most favorable circumstances, upon 
the Erie Canal. That the iron portion, constituting 
some three-fourths of the whole, as regards expense, 
m the iron bridge, gives fair promise of enduring for 
ages, while the wooden structure can only be relied on 
to last eight or ten years. 

Upon these facts, experimentally established, I found 
the following comparison : 

A common road bridge of 72/L span (the usual 
length for the enlarged Erie Canal), will cost, with 
iron trusses : 

For 7,000 fts. of cast iron at Scts,^ |210. 

** 6,000 " ** wrought iron, manu&ctared 

for the work, at 7ct«., • 420. 

'^ Timber, labor and painting, 230, 

Saperintendeuee and profit, « 80. 
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Whole first cost, |940, 

f 175 will renew the perishable part once in 
9 year?, to produce which, at 5 per cent 
campoo:::d mterest will require capital of, 820, 

Total lor a perpetual maintenanee, $l/J/^/K 
IB 
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With wooden trasses, fastened with iron 

for timber, labor, paint and profit, $550. 
" 2,000ft)8. of iron fastenings, 150. 

Whole first cost, $700. 

(Some have cost §1000, or $12,000, and taken 

3 to 4 thousand pounds of iron) 

To renew $550 worth of perishable material 

once in 9 years, will require, at 5 per 

cent, compound interest, $1,000. 

Total for perpetual maintenance, $1,700. 

The reason of the apparent difference between this 
result, and that arrived at from the general comparison 
of the cost, &c., of wood and iron, is, that the bridges 
here referred to, have been constructed with a very 
large amount of iron fastenings, and with large quanti- 
ties of casing and painting for protection and appear- 
ance. Were the comparison confined strictly to tbe 
expense of timber work, in the sustaining parts of the 
trusses, the result would be found not to differ so es- 
Bentially from that of the general comparison. 

The above estimate of $700, for the first cost of a 
72 foot wooden bridge, though considerably below the 
average cost of canal bridges of that description, is 
nevertheless believed to be greatly above the minimum 
for whicli bridges may be built, dispensing with the 
rarts which are not essential to strength. 

It is probable that bridges may be built for $500, as 
about the minimum, of equal strength and convenience, 
'f.nd nearly the same durability, as those hitherto built 
up -o. the Erie Canal Enlargement at a cost of from 
?'}: to 1,000 dollars. Upon this supposition, which 
xay be regarded as an extreme case in favor of wood, 
tn^ >3or.iparison will stand thus : 
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First cost of wooden structure, $500 

Capital invested at 5 per cent to produce $500 
once in 9 years for renewal, 909 

Total for perpetual maintenance, $1409 

• 

The same for iron structure, as above, • 1260- 

Balance in favor of the iron bridge, $149 

Finally, since theoretical calculation and general 
comparison show a probable advantage, for a long term 
of time, and experience, as far as it has gone, shows a 
decided advantage in favor of iron, it would seem very 
unwise to discard the latter, without at least a fair 
trial of its merits. If in the first essays at iron bridge 
building, the iron bridge has competed so successfully 
with wooden bridges, improved by the experience of 
ages, may not the most satisfactory results be antici- 
pated from an equal degree of experience in the con- 
struction and use of iron bridges ? 

LXXXIY. Presuming the affirmative to be the 
only rational answer to the above question, I have ar- 
ranged the details of plans for carrying into practice 
the preceding principles and suggestions in the con- 
struction of rail road bridges of iron. 

I have also made careful detailed estimates of the 
expense of bridges of different dimensions and in dif- 
ferent circumstances, some of the more general results 
of which I will here state. 

In proportioning the parts of a rail road bridge, 1 
have assumed that it may be exposed to a load of 2,000ib3. 
per foot run, for the whole, or any part of its length, ia 
addition to its own weight; and in case of tension, have 
allowed one square inch cross section of wrought iron 
for every 10,000 Bbs. of the maximum strain produced 



140 Bbidos BtriLDiKa. 

upon every part by such weights, acting by dead pres- 
snre. In case of thrust, or crushing force, I have al- 
lowed one square inch cross section of cast iron, for 
every 12,000tt)s. acting on pieces (mostly in the form ol 
holloV cylinders), of a length equal to 18 diameters, 
and a greater amount of material, where the ratio of 
length to diameter is greater; always having regard 
to practicability, as well as theoretical proportions, in 
ftdjnsting the dimensions of the part. 

My estimates, made upon these bases, have fully sa- 
tisfied me that a bridge of 100 feet span, with tra(^ 
upon the top (with wooden cross-beams), will cost about 
$2,000, or $20 per foot, assuming the present prieepi 
of irop (1846), in ordinary circumstances. If the track 
pass near the bottom of the trusses, the expense will be 
increased by two or three dollars a foot. 

For a span of 140 feet, by a liberal detailed estimate 
I make, in round numbers, a cost of $4,000. For 70 
feet, I estimate a cost of 9 to 10 hundred dollars, ac- 
cordidg to circumstances. 

Thas it will be seen that actual estimate makes the 
cost of a single stretch of any length, very nearly as 
the square of the length, as should be expected frona 
the nature of the case. Hence, knowing the cost of a 
span of any given length, we readily deduce that of a 
ipan of any other length, in similar circumstances, with 
reliable certainty. 

Now, although my investigations have forced th« 
conviction upon me, that where strong and durable 
bridges are required, iron should be preferred in their 
construction, still there is a multitude of cases where 
wooden structures should be preferred ; especially in 
sections of country comparatively new, where timber is 



*f 



PftAOTI^AIr DSTAILa 141i 

plenty and eapital scarce; and where imprayementa 
must necessarily be of a more temporary character. 

With this view of the subject, I have given consi- 
derable attention to the details of wooden bridges ; and, 
with a good deal of investigation and experiment, have 
arranged plans which are confidently believed to pos* 
sess important advantages over the plans generally in 
use. 

The preceding few pages have been transcribed from 
the author's original and first essay upon bridge build- 
ing; and are introduced here, not on account of any 
practical value they majj possess in the present state of 
progress in the science of bridge construction. But 
they may possess some little interest as marking about 
the starting point of the construction and use of Iroa 
Truss Bridges. 

If the estirtiates above exhibited, of the cost of iroot 
bridges, appear small and inadequate, under the light* 
furnished by the experience of a quarter of a century, 
much allowance may be claimed on account of the 
change of times and circumstances within the period in 
question. And, when it is borne in mind that the 
author actually contracted for, and built iron railroad 
bridges of 40 and 50 feet span, for $10, and of 146 feet 
for $30 per foot, the estimates above given may not 
seem entirely preposterous, although much higher 
prices are obtained for bridges of like dimensions al 
the present day. 
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PRACTICAL DETAILS. 

LXXXV. In preceding pages I have endeavored to 
give a short and comprehensive general view of the 
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Bubject, and to ascertain and point out the best general 
plans and proportions, for the main longitudinal trusses, 
or side frames of bridges, and the relative stresses ol 
their several parts. 

The side trusses may be regarded as vastly the most 
important parts of the structure, and the strength and 
sufficiency of these being secured, there is much less 
difficulty in arranging the remaining parts, the forces 
to which they are exposed being much less than those 
acting upon the trusses. I propose now to enter more 
into details, and give such practical explanations and 
specifications as to the strength of materials, the 
methods of connecting the several parts or pieces, both 
in the main trusses, and oih&v parts of the structure, 
illustrated by the necessary plans and diagrams, as, it 
is hoped, will enable the young engineer and practi- 
cal builder to proceed with judgment and confidence 
in this important branch of the profession. 
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IRON BRIDGES. 

Strength of Iron. 

LXXXVL Iron has the power of resisting mechani- 
cal forces in several difterent ways. It may resist forces 
that tend to stretch it asunder, or forces which tend to 
compress and crush it; the former producing what is 
sometimes called a positive, and the latter, a negative 
strain. It may also be exposed to, and resist forces 
tending to produce rupture by extending one side of 
the piece, and compressing the opposite side ; as where 
a bar of iron supported at the ends, is made to sustain 
a weight in the middle, which tends to stretch the 
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lower, and compress the upper part. This is called a 
IcUeraly or transverse strain. 

Iron may likewise be acted upon by forces tending, 
to force it asunder laterally, in the manner of the ac- 
tion of a pair of shears. This is called a shear strain ; 
and though less important than either of the preced- 
ing cases, it will frequently have place in bridge work, 
partially at least, in the action of rivets, and connect- 
ing pins. 

With regard to the simple positive and negative 
strength of iron it is only necessary for me to state in 
this place, as the result of a multitude of experiments, 
that a bar of good wrought iron one inch square, will 
sustain a positive strain of about 60,0008)8. on the 
average ; and a negative strain, in pieces not exceeding 
about twice the least diameter, of 70 or 80 thousand 
pounds. But in both cases, the metal yields perma- 
nently with much less stress than the amounts here 
indicated ; and hence, as well as for other considera- 
tions, it can never be safely exposed in practice, to 
more than a small proportion of these stresses, say 
from i to J. 

Cast iron resistsapositivestrainof 15,000 to 80,000Bb8. 
to the square inch, but usually, not over 18,000. But 
it is seldom relied on to sustain this kind of action ea* 
pecially in bridge work, wrought iron being much bet- 
ter adapted to the purpose. On rare occasions, it may 
perhaps safely be exposed to a strain of 8,000 to4,000fiba. 
to the square inch, but should not be used under ten- 
sion strain, when wrought iron can be conveniently 
substituted. 

Cast iron, however, is capable of resisting a much 
greater negative strain than wrought iron ; its powei: 
of resistance in this respect, being from 80,000 to 
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140,000&>8. ; Beldom less than 100.000 to th^ s^Qftlre 
inch, in pieces not exceeding in length, twice the lea(»l 
^meter. 

Bat in pieces of such dimensions as must freqtiently' 
be employed in bridge work, fracture would take plac^ 
by lateral deflection, under a much smaller force than 
what would crush the material. It is therefore necea*' 
i^ry to take into account the length and diameter, urn 
well as the cross-section, in order to determine ther 
amount of compression which a piece of cast iron, or 
.any other material may be relied on to sustain. 

LXXXVII. The cause of lateral deflection resulting; 
jfrom forces applied at the ends, and tending to crash 
a long piece in the direction of its length, is supposed 
to be a want of uniformity in the material, and a want 
of such an adjust of the forces that the line joining the 
centres of pressure at the two ends, may pass through 
the centre of resistance in all parts of the piece. 

These elements are liable to considerable variation, 
and can not be very closely estimated in any case. 
Therefore the absolute power of resistance for a piece* 
of considerable length, can not be deduced by calcula- 
tion from the simple positive and negative strength of 
the material, but resort must be had to direct experi- 
ment upon the subject ; and, even wide discrepancicis^ 
should naturally be expected in the results of experi- 
tnent, unless the lengths of pieces experimented upon, 
be very considerable. 

In respect to pieces, however, having their lengths 
equal to twenty or more times their diameters, a some- 
what remarkable degree of uniformity is found in their 
powers of negative resistance, and the following for- 
mula, deduced theoretically, though not fully sustained 
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by experiment, may be useful in determining approxi- 
ftiately the relative powers for pieces of similar cross^ 
Bections, but different dimensions. The power of 
resistance (R), is as the cube of the diameter (rf), directly 
Jtotd as the square of the length (Q, inversely, that is, 

K as as ■^. 

The reason of this formula may be illustrated with 
reference to Fig. 25, in which adb represents a post 
loaded at a, so as to bend it into a curve, of the half 
of which cd is the versed sine. It is obvious that in 
this condition, the convex side of the post is exposed 
to tension (or at least, to less compression fiQ^ 2&. 
than the other side), and the concave side 
to compression ; also, that the effect of the 
load at a, toward breaking the post at d^ 
i& as the versed sine cd^ which is as the 
square of ab. But the power of the post 
to resist rupture transversely, is manifestly ^ 
88 the cross-section of the post (i. e., as the 
square of the diameter), multiplied by the 
cBameter. Hence, the power is as the 
cube of the diameter. Now, the ability of 
the post to sustain the load at a, is directly 
as the power to resist rupture, just determined, aod 
inversely as the mechanical advantage with which the 
load acts, above seen to be as the square of the length 
of the post. Hence, the formula. 

We shall see as we progress, the relation which thi» 
formula seems to bear to the results of experiment. 

The following list of experiments made by the author 
some' 25 years ago, though few in number, and upon 
a> somewhat diminutive scale, nevertheless, may afford 
some light as to the law governing the resisting power 
of cast iron in pieces of different lengths, as oomparT^ 
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with their diameters. It may at least enable as the 
better to appreciate the better lights aince shed upon 
the subject. 

LXXXVIIL Experiments upon the NEOATrvB 
Strbngtu op Cast Iron, in Losa Pieces. 
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From experiments 7 and 8, in the above table, it 
appears that cast iron will sustain at the extreme, ia 
cylindrical pieces whose lengths equal about 14J dia- 
meters, a negative strain of 41,000 to 51,000ft)s to the 
square inch, say an average of 46,00^). Square bars, 
according to experiment 9, length equal to 18 diame- 
ters (or widths of side), will sustain about 45,0001bs to 
the square inch. 
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ISoWy a hollow cylinder of a thickness not exceeding 
about j^ of the diameter, according to calculation, has 
a stiffness transversely, about 60 per cent greater to the 
square inch than a solid square bar whose side equals 
in width the diameter of the cylinder. Hence, a hollow 
cylinder of a length equal to 18 times its diameter, 
should sustain a negative strain of 67,500 S)s. to the 
square inch. But it should be observed, however, that 
direct experiments upon the transverse strength of the 
pieces used in the experiments leading to the results 
and conclusions above stated, as to negative strength, 
showed themto possess uncommon strength transversely, 
even to from 30 to 50 per cent greater than the fair 
average transverse strength of cast iron ; as will be seen 
hereafter. It is therefore not considered proper to es- 
timate the strength of hollow cylinders of the propor- 
tions above stated at more than 45,000 or 46,000tt)s. to 
the square inch. 

The hollow cylinder is undoubtedly the form best 
adapted to the sustaining of a negative strain, having 
equal stiflFness in all directions. It is therefore highly 
desirable that the power of that form of pieces to resist 
compression, with different lengths, should be ascer- 
tained by a careful and extensive series of experiments. 
But until that shall have been done, and the results 
madeUcnown, I shall assume the above estimate upon 
the subject, as probably not very far from the truth; 
subject, however, to correction, whenever the facts and 
evidences shall be obtained, upon which the correction 
can be founded.* 

In the mean time, since we know not the exact ratio 
between the greatest safe practical stress, and the ab- 

♦ Since the original writing of this paragraph (25 years ago), exten- 
tensive experiments and investigations have been made, in the directioQ 
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solute strength of iron, and therefore should in practice 
keep considerably within the limits of probable safety^ 
it becomes a matter of less importance to know the 
exact absolute strength ; though this, of course, is de- 
sirable. 

LXXXIX. Having decided upon a measure of 
strength for pieces of a given length, we may properly 
endeavor to ascertain the rate of variation for different 
lengths as compared with the diameters. 

It is seen in the table, [lxxxviii] that two cylindri- 
cal pieces of 9 inches in length, bore the one 990, and 
the other 978Ib»., giving a mean of 984 pounds, 

[Now, by the formula -™, the same cylinders reduced 

to 4.5 inches, should sustain four times as much, or 
g936ft)S. But, by experiments 7 and 8, we find^hat 
they bore only 2,580, and 3,218, a mean of 2,899" 
pounds. Whence it appears that, the diameter being 
the same, the strength diminishes faster than the length 
increases, but not so f^st as the square of the length 
increases ; being about half way between the two^ In 
fact, if we examine the results of these experiments 
throughout, we find that the weights borne by pieces 
of like cross-sections, whether round or square, were 
very nearly the arithmetical mean between the resultd^ 
obtained by considering them to be inversely as the 
simple length, and as the square of the length, succes- 
sively. 

For illustration ; take experiments 1 and 5. If the 
piece 9 inches long bore 990 Bbs., taking the strength 

here indicated, and ingenious and convenient formulse deduced upoxr 
tho subject involved, v^rliich miofht perhaps, be profitably substituted 
for the writer's own crude deductions in this behalf. But, as previously 
remarked on other occasions, the latter may possess interest as affording 
Br monoizient upon the line of the march of progress. 
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to be inversely as the length, we have this proportion 
^ : ^ : : 990 : 1,255. Then, taking the strength to be 

inversely as the square of the length, we have : ^ : ^^ 

: : 990 : 1,591. Taking the mean of these results, we 
find (1,255 + 1,591), -i- 2 = 1423. This is the weight 
which, according to the rule, the piece in experiment 
5 should have borne, and it varies only 6ft)S. (less than 
J of one per cent), from what it actually did bear. 

Again, take experiments 1 and 8 ; in which the 
lengths were as 2 to 1. Supposing the weights to be 
inversely as the lengths, and as the squares of the 
lengths successively, and taking the mean of the re- 
Bult8,wehave (1,980+3,960) ->2=2,970, which is 248a)8. 
less than the weight borne in experiment 8. But it is 
also 3908)8. ^?'ert/er than that borne in experiment 7, by 
a piece of similar form and dimensions, but an inferior 
specimen. It does not seem, therefore, that the rule 
is widely at fault. 

The same rule applied to experiments 4 and 9, 
lengths being ^Iso as 2 to 1, gives 2,784 Bbs. as the bear- 
ing weight, and 2,814 as breaking weight for No. 9 ; the 
former varying 71ft)8. and the latter 24ft)3, from the 
weights shown in the table. ITow, if we observe that 
the one broke in a quarter of a minute, and the other 
endured half a minute, it is no extravagance to assume 
that if No. 9 had been loaded with 24ft)8. less, it would 
have stood J of a minute longer, giving a result in pre- 
cise accordance with the rule. 

From what precedes, it is believed that the following 
may be adopted as a safe practical rule for deter- 
mining the power of resistance to compression, for 
pieces of similar cross-sections, after knowing from 
experiment, the power of a piece of given dimensions, 
and similar cross section. 
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Rule : Make the power of resistance as -j, and as — 5?/c- 

eessively, and take the mean of the results thus obtained, as 
the true result ; D representing the diameter (or width of 
Bide, in square pieces), and L, the length of the piece. 
This rule will be probably apply without material 
error, to pieces of lengths from 15 to 40 times as great 
as their diameters, and perhaps for greater lengths ; 
although, in bridge building, greater lengths will sel- 
dom be employed.* But, as the lengtli is reduced to 
8 or 10 diameters, or less, it is manifest that the power 
of resistance increases at a less rate than that given in 
the rule. For, we see by the table of experiments, 
that a square piece of a length equal to 18 diameters 
(experiment 9), bore at the rate of 45,000Ibs, to the 
square inch, which is nearly one-half of the average 
crushing weight of cast iron, and one-third that of the 
strongest iron. But according to the rule, a piece of 
half that length, or equal to 9 diameters, should sustain 
135,000Ibs. which is about the maximum for cast iron ; 
whereas, experiment shows that the power of resist- 
ance increases with reduction of Jengtli, down to about 
2 diameters. It may, therefore, be recommended to 
apply the rule above given, to hollow C3^1indrical, and 
square pieces above 15, and to solid cylinders, above 
12 diameters. From those lengths down to 2 diame- 
ters, it cannot lead to material error to estimate au 
increase of power proportionate to diminution of 
length, according to the differences between the weights, 
or resisting powers determined as above, for square 
pieces and hollow cylinders of 15, and solid cylinders 
of 12 diameters in length, and the absolute crushing 

* It is probable that for greater len<Ttlis than 40 diameters, the for- 
inula -- alone, would be more nearly sustained than in case, of smaller 
lengths. 
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tveight of the iron ; that is, if a square piece whose 
length equals 15 diameters bear m pounds, and the 
crushing weight for pieces of 2 diameters be n pounds 
to obtain the resistance (R), of a piece of (15 — a), dia- 

meters in length, take ^ + ^ (^ — ?n)=R. 

XC. It has already been remarked that in practice, 
materials should be exposed to much less strain than 
their absolute strength is capable of sustaining for a 
short time. This fact is universally recognized, and 
the reasons for it, are perhaps, sufficiently obvious ; 
still it may be proper to mention a few of them in this 
place. 

First, there is a great want of uniformity in the 
quality and strength of materials of the same kind, 
and no degree of precaution can always guard against 
the employment of those containing defective portions 
possessing less than the average strength. 

Again, when materials are exposed to a strain, al- 
though it be but a small part of what they can ultimately 
bear, a change is produced in the arrangement of their 
particles, from which they are frequently unable fully 
to recover ; and whence they generally become weak- 
ened, especially if they be repeatedly exposed to such 
process. Hence, it often happens that a piece is broken 
with a smaller strain, than it has previously borne 
without apparent injury. 

Now, there is no means of estimating exactly the 
allowance necessary to be made on account either of 
these facts, as well as, probably, many others. Con- 
sequently, we can not determine with certainty, how 
much of a given material may be relied on to sustain 
with safety a given force. We should therefore, incline 
toward the side of safety, the more strongly, in pro- 
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portion as the consequences of a failure would be the 
more disastrous. The breaking of a bridge is liable, 
in most cases, to be a serious affair, involving hazard 
to life and limb, as well as destruction of property. 
Hence, they should he constructed of such strength 
asto render failure quite out of the range of probability, 
if not absolutely impossible. 

XCI. Good wrought iron bars, will not undergo 
permanent change of form under a tensile strain of less 
than from 20,000 to 30,000 pounds to the square inch ; 
and though they will not actually be torn asunder with 
a stress below 50 or 60 thousand, and often more, to 
the inch, any elongation would certainly be deleterious 
to the work containing them, even if not dangerous 
from liability to fracture. Hence, it is certainly not 
advisable to expose the material to a stress beyond the 
lowest limit of complete elasticity. 

In the original predecessor of this work, the tra- 
ditional allowance of 15,000ft)s. to the square inch, was 
adopted as the tensile stress to which wrought iron 
might safely be exposed, and beyond which it was 
deemed improper to rely upon it. No evidences or 
arguments since that time, have induced a change of 
opinion in this respect. But in the case of a bridge, 
there is variety and uncertainty as to the exact amount 
of load, as well as in relation to the limit of safe strain 
for the material ; and while it seemed probable that the 
load of a single track rail road bridge would never ex- 
ceed 2,000ib8. to the lineal foot upon any part of its 
length, still, seeing that rail roads were comparatively 
a new institntion, and iron bridges for rail roads almost 
nnheard of, especially in this country, it was deemed 
wise, in recommending their introduction, to so adjust 
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their proportions as to meet almost any possible con- 
tingencies. 

This could be accomplished either by assnming a 
greater possible load for the bridge, or a lower limit 
to the stress of materials with the smaller load, with 
the same ultimate result. And, perhaps the former 
would have been the more consistent course, as avoid- 
ing the seeming absurdity of the assumption that iron 
could safely stand a strain of 15,000ft)8. in a common 
bridge, but only 10,000Bt) in a rail road bridge ; and the 
no less seeming absurdity of assuming that the same 
material could stand 50 per cent more strain in a bridge 
composed partly of wood, than in one entirely con- 
structed of iron. Now, instances in 'great numbers 
could be pointed out, of rail road bridges of wood and 
iron, where 2,000Bt)8. to the lineal foot would produce 
a stress considerably exceeding 15,000 to the inch upon 
certain bolts of wrought iron.* 

* The author had occasion several years ago to refer to the following 
instances in corroboration of the statement above made, in this wise 
" The best evidence that exists as to the capacity of a material to bear 
a strain with safety, is derived from experience as to the strain it has 
been exposed to in works, and conditions similar to tliose in which it 
is proposed to employ it, and where it has by long usage, proved itseli 
adequate to the labor required of it. If wrought iron, for example, 
has been used in railroad bridges for a great number of years, in 
numerous and repeated instances, where a given load, in addition to 
the weight of structure, would produce upon it a tension of 15,0001b3. 
to the square inch, and has withstood such usage without cases of fail- 
ure not caused by manifest defects in the quality of material, or by 
casualties which such structures are not expected to be proof against ; 
it may be fairly assumed to be reasonably safe and reliable in other 
railroad bridges where a similar gross load can not produce a greater 
stress ; and much more so, where a like load can only produce a stress 
one-half, or two-thirds as great. 

Now, it is provided in the plan herewith presented, that a load of 
2,0001b8. to the lineal loot ui)on each pair of rails, on the whole, or 
any part of the length of the bridge, can not produce upon any part of 
the wrought iron work in the trusses, a tension exceeding 10,0001bs 
to the square inch ; and, to show that such pjovision is eminently safe 
and liberal, I proceed to give some examples of what the same mat^ 
nul 18 liable to with the same load in other structures, where long and 
serere usage has fully proved its sufficiency. 

16 
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And yet, it was deemed expedient by the author of 
this work, in the outset of the introduction of iron rail 
road bridges, to provide that 2,000ft>8. to the foot upon 
each pair of tracks, should not give a stress exceeding 
10,000Bb to the square inch upon any part of the wrought 
iron work, not from a conviction that the material was 
unsafe under a stress of 15,000Ibs. but to provide against 
the possible contingency of its being sometimes exposed 
to greater stress than that produced by a dead weight 
of 2,000ft. to the lineal foot. 



XCII. The use of cast iron to sustain a tensile 
strain, should undoubtedly be avoided, as a general 



To bejrin with an instance near at band ; the bridge from the island 
to the main shore on the Hudson River rail road at East Albany, has, 
in one of its stretclies, trusses 48 feet long, in 8 panels. It is a double 
track bridge with three trusses, of which the middle one sustains one- 
half of the two pairs of tracks, and of the loaas passing over them. 

The truss is composed of top and bottom chords, and thrust braces 
of timber, and vertical suspension bolts of wrought iron, in pairs ; and 
it is at once obvious that J of the weight of the tracks and their loads 
(or, of the half bearing upon the centre truss), is concentrated on the 
two pairs of suspension rods located 6 feet from each end. [See diagram.] 

The weight of middle truss, and other parts of the structure sus- 
tained by it, probably exceeds 16,000 lbs., of which J, or 14,000 lbs. bear 
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upon the endmost suspension bolts. Add 2,000 lbs. per foot for | of one 
pair of tracks, or rails, and it makes 56,0001b9. upon the suspension bolts 
in question, with only one track loaded. These bolts are 4 in number, 
and IJ'^ in diameter; and, allowing j\r'' to be cut away by screw 
thread, the aggregate net, available cross section of the four, is equal 
to 4.43 square inches ; whence the tension, with only one track loaded, 
is 12,641 Ihs. to the square inch, and 22,120 lbs. to the inch with both 
tracks loaded. 

2. The bridge leading into the freight house of the Boston rail road, 
at East Albany, is a " llowe bridge," and acts upon the same princi- 
ple as the one just spoken of. It is a double track bridge with two 
trusses, having 8 panels of 10' 8"", and is a heavy covered bridge. Al- 
lowing 64 tons for weight of 8Uj)erstructure, or 56,000 lbs. for the por- 
tion sustained by tlie endmost bolts of each truss, and 2,000 lbs per 
foot upon one track, of which f at least, bears on one truss, giving 
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rule; and, if on certain occasions it should be liable to 
that kind of action to a small extent, the stress should 
probably not be allowed toexceed 3,000 to 4,000 pounds 
to the square inch. 

When exposed to compression, in pieces of such 
length as to break by lateral deflection, it i^k, believed 
it may be safely loaded to one-third of its^^bsolute ca- 
pacity. If a long piece exposed to a negative strain 
have a defective part, it does not diminish its power 
of resistance to the same extent as when it acts by ten- 
Bion. The power of negative resistance b^tng, in a 
measure, inversely as the deflection produced by a 

100,000 lbs, on the end bolts, we have 156,0001b8. sustained by 6 bolts 
of li" diameter, containin$2f 8.1 square inches, besides screw thread. 
This is a strain of 19,259 lbs. to the square inch with one track, and 
25,482 lbs with both tracks loaded with 2,000 lbs. to the lineal foot. 

3. The East bridge over the creek in the sonth part of Troy, is a 
double track covered bridge with three trusses, having 8 panels of 
12'8'' each, or 88.60 ft sustained by the endmost suspension bolts. 
Say, of weight of structure bearing on end bolts of middle truss, 
85,00 J lbs. and of load upon one track 88,666, making 123.666 lbs. on 4 
bolts of ly diameter and two of 1}'' diameter, having a net cross sec- 
tion of about 7.65 square inches. Hence the stress must be 16,156 lbs. 
to the inch, with one track loaded, and 27,750 lbs., with 2.000 lbs. to the 
foot upon each track. 

4. The West bridge over the same stream, a few rods below the last 
mentioned, has three trusses containing 9 panels of 10^ ft. each in 
length. It is a high truss bridge with roof and siding. 

For weight of superstructure on endmost bolts of middle truss, say 
28,000 11)8 and for load on one track, 84,000. making 112,000 lbs. on 
4 bolts of H" containing a net section ot 5.41 square inches, giving a 
tension of 20,703 lbs. to the inch for one track, and 36,229 lbs. for both 
tracks loaded with 2,000 lbs. to the lineal foot. 

5. 'I'he bridge across the Erie canal near Canastota, on the N £. G. 
B. R., is a double tack bridge with 2 trusses, which have 9 panels of 
10 feet. If the superstructure be estimated to weigh 40 tons, it gives 
a little over 35,000 lbs. on the end bolts of each truss Add | of 80 
tons for 2,000 lbs. per lineal foot upon one track, and it gives 141,666 lbs. 
on 4 bolts of ly^ diameter, and 5.41 square inches of net cross-section ; 
equal to 26,173 lbs. to the inch, with one track, and 36,044 lbs. with both 
tracks loaded." 

All these cases are stated from personal examination by the author, 
except the last, which was reported to him from authority considered 
reliable. The cases were not selected, but taken as the most accessible 
and couveniemt for the author's observation. And still, he can not 
help regarding them as remarkable, and somewhat exceptional cases 
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given weight, and the deflection depending on the stiff- 
ness of the piece throughout its whole length, the 
power is manifestly only diminished as the amount of 
defect, multiplied by the ratio of length of the defective 
part, to the whole length ; that is, if the piece be de- 
fective so as to lose one-fourth of its stiffness, for that 
part of its length to which is due one-tenth part of the 
deflection, the d-eflection will only be increased by 
Jx j^ = ^^, and the power of resistance is diminished 
in the same ratio ; whereas the power of positive re- 
sistance would be diminished by J. 

The effiect of negative strain, moreover, is believed 
not to be so deleterious to the strength of iron, as that 
of positive, or tension strain ; though I can refer to no 
particular facts or evidences in coroboration of the 
opinion. 

Upon the whole, I am inclined to estimate the power 
of cast iron to resist compression (as against the tension 
of wrought iron at 15,000Ibs. to the inch), in pieces of 
lengths equal to 18 diameters, for hollow cylinders, at 
15,000Ibs. for solid cylinders, at 8,000, and solid square 
pieces, at 10,000ft)3. to the square inch of cross-section 

There are other forms of section for cast iron mem- 
bers of bridges, which it will frequently be convenient 
and economical to employ where lateral stiffness, as 
well as longitudinal resistance is required, among which 
may be named, the cruciform -f , the J, and the H form. 

The former of these, "with equal leaves, probably 
possesses about the same resistance to the square inch, 
as a solid square which will just contain the figure. 
For, though it is not so stiff' to resist a simple lateral 
force diagonally of the including square, as parallel with 
its sides, and would be broken by tearing asunder the 
flange, or leaf upon the convex side, still when under 
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longitudinal compression, the tension upon that leaf 
would be somewhat relieved. 

The T and H section will usually be employed where 
greater stifttess is required in particular directions, and 
ifproportionedwithjudgment, will usually possess about 
the same power to the inch, as the including solid square, 
or paralielopiped. 

XCni. Having determined (approximately, at least) ^ 
the safe strain for pieces of a certain length, and the 
ratio of variation in power, depending upon change of 
length, we readily deduce the safe strain for pieces 
of similar action, with any given dimensions. 

The following table, exhibiting the negative power 
of resistance to the square in<jh of cross-section, for 
hollow and solid cast iron cylinders, and solid square 
pieces (under which class may be included the + T and 

H formed sections, under proper conditions), calculated^ 
for length of from 2 to 60 diameters, is intended to 
show the safe practical rate of strain for the material, 
being about one-third of its absolute strength, in col- 
umns headed ^, and one-fourth of the absolute, in those 
headed J ; the former to be used against wrought iron 
at 15,000, and the latter, where wrought iron is 08ti« 
mated to sustain 10,000Bbs. to the square inch. 

This is the author's original table, slightly modified 
with the addition of two columns showingcorrcsponding 
weights at J and J of the absolute strength, as calculated 
by "Gordon's formula,** deduced from HodgkinHon's, 
experim^-nts upon cast iron hollow pillars; which in 
regarded as the best authority upon the guhjcct at the 
present day. Also, two corresponding columns for 
wrought iron hollow pillars, according to the same au • 
thority. 
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The Gordon formulae are : 

for cast iron, S = 80,000ft. -i- (1 + .0025^), 

for wrought iron, S == 36,000fts. -*-(!+ .00033^). 

8 representing absolute strength per square inch 
of section, 2, the length, and d^ the diameter of column, 
both referring to the same unit of length. Or making 

d = 1, we have -^^ P. 

The table of negative resistances, presents a scale of 
numbers so adjusted as to touch at certain points esta- 
blished by experiment, and running in consistent gra- 
dations from one to another of such points. 

The columns for cast iron hollow cylinders, are the 
only ones referring to the same class of pieces, and ex. 
hibiting the difference in results, arising from differ- 
ence in the mode of calculation. The Gordon formula 
is supposed to give results agreeing with those of ex- 
periment, for lengths included within the range em 
braced by the experiments from which the formula 
was deduced. Within that range, those results may 
be presumed to be more reliable (being founded on 
trials of the same kind of pieces as those to which they 
refer), than those in the author's original table, based 
upon trials of solid cylinders and parallelopipeds. 

Taking the 4th and 6th columns, it will be seen that 
the numbers agree at some point between the lengths 
of 18 and 20 diameters ; the numbers above that point, 
being the larger in column 6, while, below that point, 
they are larger in column 4, down to about 50 diame- 
ters, where they come together and cross again, and 
those in 6, are thenceforward the larger. But the 
differences are small, for the range of lengths princi- 
pally employed in bridge work.. 
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One obvious reason of the more rapid increase of 
numbers in the 6th column, for lengths under 15 or 
16 diameters, is, that in the latter, the crushing weight 
for the iron is assumed at 100,000Bbs. to the square 
inch, whereas, by the Gordon formula it is limited at 
80,000ft)8, and that formula can give no result greater 
than that limit, even when ?=0. Wow, if 80,000ft8. 
was less than the actual crushing load for the kind ot 
iron used in Hodgkinson's experiments (from which 
the Gordon formula is understood to have been de- 
rived), it must follow that Gordon's formula gives 
results smaller than the true ones, for short pieces.. 
This is probably the case, and, although Mr. Gordon's 
formula is very simple and ingenious, sliding smoothly 
and plausibly from one extreme in length to the other, 
it unquestionably gives closer approximations to 
correct results for the ordinary range of lengths, than 
when applied to the very short pieces. 
' The numbers in the table are deduced upon the sup- 
position that the thrust members in a bridge, will not 
act with less advantage than when bearing upon a pivot 
at each end of the axis of the pieces respectively ; and 
it is not deemed proper to assume that, in consequence 
of having flat end bearings, the piece in any case can 
sustain a greater stress than is indicated by the num- 
bers in the table. 

It will be observed that, in order to obtain the ab- 
solute strength of a piece, we should multiply its cor- 
responding number in the table, by the denominator 
of the fraction (J or J) at the head of the column. 
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XCIV". The transverse etrength of bare or beams, 
would seem to be deducible from the positive strength 
of tbe material, iu the following manner: 

Let ab. Fig. 26, represent a portion of a rectangular 
beam or bar, projecting from a wall in which it is 
firmly fixed. If a weight be 
*"■ applied at w, the upper part 

of the beam will be extended, 
and the lower, compressed; 
and, where these portions 
meet, is what is called the 
neutral plane. Experiment 
shows that this plane, id 
reclangnlar beams, is central between the upper and 
lower surfaces; or at least, very nearly so, for all 
elastic Bubstaneee, until they approach rupture. 

Tbe tendency of the weight at 10, then, is to produce 
rotation about the point c (or, the line of intersection 
of neutral plane and face of wall) and the cohesion of 
tbe upper portion erf, and the repulsion of the lower 
part, cb, tend to resist rotation. Now, to determine 
the amount of this resistance, which is the measure of 
transverse strength, we will first consider the upper 
portion ; and it is obvious that, at every part of the 
cross-section, the resistance to rotation is as the 
resistance to extension, multiplcd by the distance of 
the part above the neutral plane. But the resistance 
to extension, by the law of elasticity, is as the degree, 
or amount of extension, which is determined by tbe 
distance from the neutral plane ; parts at 2 inches from 
this plane, or tbe centre of motion, being extended 
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twice as much as those at one inch, and resisting twice 
as much. 

Then, denoting the distance from this plane by the 
variable quantity x, the resistance to extension by any 
part, equals x multiplied by a certain constant (s), and 
may be denoted by sx^ while the resistance to rotatioa 
about c, equals sx!^. 

Again, representing the horizontal breadth or thick- 
ness of the beam by /, we have Ldx to represent the 
difterential of the section (in its state of increase from 
c toward r/), and s.Lx^dXy the differential of resistance. 
Then, integrating, aud making a: = erf = A, we have the 
whole resistance to rotation, of the part above the neu- 
tral plane, equal to ^ s.Lh^ ^ ^Lhxkxs.h, But s.h 
becomes equal to the positive strength of the material 
when x=-cd = A, and Lh = the area of section above 
the neutral plane. Therefore the power of this part to 
resist rotation, is equal to J of the area, multiplied by 
half the depth of the beam, and by the positive strength 
of the material; in case the negative strength exceed 
the positive. 

Now, it is obvious that the part below the neutral 
plane exerts exactly the same amount of resistance to 
rotation, as the part above. Therefore the whole power 
of resistance to rotation about c, in other words, the 
resistance to rupture, is equal to J of the whole cross- 
section, multiplied by J the depth of beam, and by the 
positive, or cohesive strength of the material ; that is 
equal to J C.t.Dx^D^ = J CyLD^; in which expression, 
JD represents the depth (rf6), and C, the cohesive power 
of the material.* 

* Another mode of illustratinor this case, is the followirijnr : It being ob« 
vious that the resistance to rotation about c, by each lamina from the nea 
tral plane outward, is as the extension it undergoes, and the ieverag« 

'on which it acts, such resistance must increase outward in a duplicate 
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If we wish to determine the greatest weight ( W), 
which the beam is capable of beariug wheu applied at 
any horizontal distance (L) from c or dj we institute 
the equation, W.L =■ J C.tD^; whence we have : 



W = 



c.^d' 



6l 

This formula applies to all projecting rectangular 
beams, when the force (W), acts parallel with the 
sides, and L represents the nearest, or perpendicular 
distance of the fulcrum c, from the line in which the 
force has its action : provided, that if the material 
have greater power to resist tension than compression, 
C is to be taken as representing the repulsive, instead 
of the cohesive power. 

XCV. This formula is deduced on the supposition 
that the material is perfectly elastic, so as to suffer no 
permanent change of form until the strain produces 
actual rupture. There are few substances if any, and 
certainly wood and iron are not such, that fulfill this 
condition so nearly but that considerable discrepan- 
cies are found between the deductions of theory, and 
the results of experiment. Indeed in the case of cast 



ratio to the increase of distance from that plane, and decrease in a like 
ratio, inward. Hence, if we represent the resistance of the outer lamia 
by the base of a pyramid having its apex at the neutral plane, and its 
hkae coinciding with said outer lamina, the resistance of any other 
lamina will be represented by the section of the pryamid made by 
snch lamina, or a lamina of the pryamid at the point of intersection, 
of the same (indefinitely small) thickness as the lamina of the beam 
in question ; and the sum of resistances of all the laminae of the beam« 
win be represented by the sum of laminae of the pyramid ; and will 
bear the same ratio to what tbe resistance of all those laminae of the 
beam would be, if all were acting at the distance of the outermost 
lamina, as the solidity of the pyramid bears to a prism of like base 
and attitude ; that is, in the ratio of 1 to 8. But the resistance of the 
outer lamina, equals the absolute strength of material (C), multiplied by 
half the depth of beam. Hence, the resistance of the half beam equals 
Cxi cross-section X depth of the half beam ; being the same result 
18 above obtained by integration. 
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iron, experiment shows the transverse strength to be 
fully twice as great as it is made to appear by the above 
formula. 

Ifin the expression ^|i, we make L«=D, it may be 

reduced to i C.LD; showing that the power of a pro- 
jecting rectangular beam to sustain weight at a dis- 
tance from the fulcrum equal to the depth of the beam, 
is only one-sixth as great as the positive (or negative, 
in case that be the smaller), strength of the material* 
This is a convenient way of expressing transverse 
strength, viz : as equal to a force of so many pounds 
to the square inch of cross-section, the force being un- 
derstood as acting upon £t leverage equal to the breadth 
of the beam in the direction of the acting force. 

If we call 18,000ft)s. to the square inch, the positive 
strength of cast iron, we may call the transverse 
strength (according to the above deduction), J 18,000 
s=3,000ft)S. ; meaning that a bar one inch square will 
sustain upon its projecting end, 3,000ft)S. at 1 inch 
from the fulcrum, and proportionally less, as the dis- 
tance is greater. 

Now, experiment shows that it will sustain twice this 
amount, and frequently more, so that we may in reality, 
reckon the transverse strength of cast iron at about 
6,000ft)s. to the square inch. 

I know of nothing to which to attribute this great 
discrepancy between theory and experiment, except a 
want of complete elasticity in the material, and per- 
haps, also to the assumption of too low an estimate 
(18,000) fts. for the co-hesive power of cast iron. 

Cast iron, when exposed to a transverse strain, suf- 
fers extension on one side, and compression on the 
other ; and the power of resistance to both these effects, 
increases very nearly as the amount of extension or 
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compression, until a certain point or maximum is 
reached, and after passing this point, the power dim- 
inishes. Now, it is reasonable to suppose, in fact we 
can hardly suppose the contrary, that tor a certain in- 
terval on each side of the maximum point, the power 
of resistance remains nearly stationary. But this sta- 
tionary interval is reached on the positive, much sooner 
than on the negative side, and the inevitable conse- 
quence must be, that the neutral plane is transferred 
farther from the positive side, so as to preserve the 
equilibrium between the resistance to extension and 
the resistance to compression. Hence, the amount of 
resistance on the positive side is increased, both by the 
increased area of section exposed to tension, and in- 
creased leverage, or distance from the neutral plane. 

Moreover, a greater portion of the fibres (so to speak), 
of extension, act with their full power; sfnce, while 
the outside portion is passing through what we have 
«^lled the stationary interval, successive portions toward 
the neutral plane, are reaching and approaching that 
interval. Hence, some considerable proportion of all 
the fibres of extension, may act with their maximum 
power ; whereas, if the material were perfectly elastic 
up to the point of actual rupture, only the outside fibres 
farthest from the neutral plane, could act with abso- 
lute power, and all other parts, only in the ratio of 
their respective distances from said plane. To illus- 
trate, suppose the extreme positive side, when ex- 
tended one inch, reach the stationary interval, which 
is one inch more. It follows that when the outside 
has passed to the other limit of that interval, one-half 
of the positive portion of the bar, will be within the 
the range of that interval, and act with its maximum 
power, producing one third more resistance to extea- 
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mon than the same fibres could afford if the body were 
perfectly elastic, up to the point of rupture. I know 
of no more plausible manner of explaining the observed 
discrepancy between experiment and calculation upon 
the subject. 

But, having well authenticated direct experimental 
evidence as to the transverse strength of cast iron, we 
may safely be guided thereby; and, though it would 
be a satisfaction to find a complete agreement between 
the results of direct experiments, and the deductions 
from those that are indirect, still, where such agree- 
ment is not found, the direct evidence should have the 
preference. We may, therefore, regard the transverse 
strength of cast iron in pieces with rectano^ular sec- 
tions, as equal to 6,00011)3. to the square inch, upon a 
leverage equal to the width of the piece in the direction 
of the force. 

Wrought iron has something over three times the 
positive strength of cast iron, on the average; and if 
we consider its transverse strength to be in the same 
ratio to that of cast iron, its transverse strength would 
be about 20,000 pounds. That is, the projecting end 
of a bar of wrought iron one inch square, should sus- 
tain, at one inch from the fulcrum, a weight of 20,000ft)8 
But it becomes permanently bent with about one-third 
of that weight, and therefore, in practice it should not 
be ex[)08ed to more than 4,000 to 5,000ft)3. as we should 
manifestly keep within the elastic limit, as well in case 
of a transverse, as a direct tensile strain. It may, 
therefore, be recommended to estimate the transverse 
strength of wrought iron at 5,000ft)s. as against a ten* 
sile strain of 15,000ft)S. to the inch, upon the same ma- 
tcrial, and 3,500 to 4,000 transverse, against 10,00C, 
tensile strain. 
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Cast iron having an average absolute transverse 
strength of 6,000K)8. should not in practice, be exposed 
to over from 1,000 to l,500ft)S. to the square inch, ac- 
cording to the circumstances in which it is used. 

XCVI. Representing by A the area by D the depth 
and by L the length (from. fulcrum to weight) of a pro- 
iecting rectangular beam, the safe load, according to 

the above assumptions, equals 5,000 — for wrought, 

and 1,500 —for cast iron. 

If the beam be supported at the ends and loaded in 
the middle, using the same symbols, the safe load is 
four times as much ; that is, 20,000 — for wrought, 

and 6,000 — for cast iron. This follows from the fact 

that the lifting force at each end, equals only one-half 
of the load, and acts upon a leverage equal to JL, hence 
it takes 4 times the weight to produce the same stress 
on the beam. 

If the load be equally distributed over the length of 
the beam, the safe load is twice as much as when it is 
concentrated at the end of the projecting beam, and in 
the middle of the beam supported at the ends. For, 
in the former case, each part of the weight produces 
stress at the fulcrum in proportion to its distance there- 
from, and the average distance of the whole load, 
being only hulf as great, the stress is only half as much 
as when the whole load is at the end. 

In the latter case, the beam being regarded as fixed 
m the centre, the lifting force at the end, tends to pro- 
duce a strain in the centre, measured by the force mul- 
tiplied by its distance from the centre, in other words, 
by the moment of the force with respect to the centre. 
On the contrary, the load tends to produce a strain in 
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the opposite direction, according to tlie distance of 
each part of the load from the centre. This, as jost 
seen in the case oi the projecting beam, is equal to 
half of that produced by the lifting force at the end. 
Hence the ettect of the weight neutralizes one-half 
of tendency of the lifting force at the end, to produce 
stress in the centre of the beam. 

Upon the same principle is based the following rule 
for determining the stress at any given point in the length 
of a beam, however the load may be distributed. 
Take the moment with respect to the given point, of 
all the forces on either side of said point, tending to 
deflect the beam in one direction, at the given point, 
and all the forces on the same side, tending to deflect 
it in the opposite direction, and the diflTerence in the 
sums of those opposite moments, is the measure of the 
stress at the point in question. 

As an illustration, if the cross-beam of a rail road 
bridge support tracks 5' apart, the beam being 15' be- 
tween supports, and a weight W bear equally upon 
the two tracks, each end support lifts JW, and the 
moment with respect to the nearest track, is |-Wx5 = 
2.5W. There being no force acting in the opposite 
direction between the end and the weight upon the 
rail, 2.5W (upon a leverage of 1 foot), is the measure 
of stress of the beam at the rail. 

If we seek the stress in the middle of the beam 7J' 
from the end, and 2J' from the rail, the upward force 
at the end is JW, the same as before, and the moment 
jWx7J = 3.7oW; while the moment of the weight 
on the rail, is |Wx2J, = 1.25W. Hence, the stress 
in the centre = (3.75 — 1.25)W = 2.5W, the same as at 
the rail. 
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Taking the moment of the end lift with respect t^ 
the off rail, we have jWxlO, «- 6W, while the moment 
of weight on the near track, with respiect to the oft 
track, is J Wx5, =■ 2JW, acting in the opposite direc- 
tion. Hence, stressat the off track, is equal to (5 — 2.6)W 
=- 2JW. 

Again, assuming a point at 2' from the end, the mo- 
ment of the lift at the farther end, is J W x 13' =«6.5W. 
The sum of moments of weights upon the two rails is, 
jWx8+iWx3 =5.5W in opposition to the effect* 
of the end lift The stress of the beam, therefore, at 
the given point, is (6.5 — 5.6)W, =*■ W ; being the same 
result as if we had taken the moment at the near end, 
= iW X 2, =a W, with no opposite force on the ssune 
side of the given point. 

Hence, we see that the stress is the seane sA all points^ 
between the rails, while it obviously daminishes from 
the rail to the end, in proportion as the distance of 
successive points from the end diminishes. Therefore, 
the beam hanng a uniform depth, in order that the* 
strain be uniform on all parts, the thickness should 
taper uniformly from the rail, to an edge at the sup- 
porting points. If the thickness be uniform (the cross- 
section being rectangular), the depth may diminish as 
the square root of distance from the support diminishes ; 
that is, may have a parabolic form, This follows from 
the fact that the stress at different points in the length 
is as the distance from the support, and the power of 
resistance, as the area multiplied by the depth, in other 
words, as the square of the depth, the area being simply 
as the depth. 

XGVII. Iron beams of a rectangular section will 
seldom be used in bridge work, the material acting 

22 
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more effectually in a web and flange form, as in the I 
beam, with about half the material in the flanges. lu 
this kind of beam, the web may be estimated as a rect- 
angular beam — say at 5,000ft>s to the inch (on a lever- 
age equal to the depth of the beam), while the flanges 
may be estimated at 15,0001b3 upon a leverage of half 
the depth of beam, less half the thickness of flange, 
thus: for a beam 12'' deep, web J'' thick, flanges 2" 
wide and f" in average thickness on each side of the 
web, we have 6 square inches of web section at 5,000 = 
30,000ft)s. plus, 6 inches of flange section at 16,000 X 
leverage of 5,625", equal to 42,187ft)3. on a leverage of 
the depth of beam, making a total of 72,187ft). =6,015lbs. 
to the inch upon the whole section. 

Hence, it is deemed safe to estimate the working 
strength per square inch of wrought iron I beams, ia 
the above proportions of web and flanges, at 6,000 

— ft)3. for projecting ends, and 24,000 --for beams sup- 

ported at the ends, and loaded in the middle ; and 
double those amounts of distributed load. For instance ; 
a 12'' I beam of 12 square inches in section, and 16' 
/ long, between bearings, is good for 24,000 x [§ = 
I 18,600ft)3. in the middle, 36,000 distributed uniformly, 
! and 26,180fl:)3. upon two rails 5 feet apart, or 5.5 feet 
i from end supports. 

XCVIII. One of the cases in which wrousfht iron 
is frequently exposed to transverse strain, is in the use 
of cylindrical pins for connecting the other parts of 
bridge work. In such cases, the forces will act with a 
certain leverage which can be nearly determined. The 
power of a round pin to sustain a transverse force act- 
ing on a leverage equal to the diameter, may be as- 
sumed at about j\ less to the square inch, than that of 
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% square bar upon a leverage equal to its width of side. 
Hence, a represeuting the area of section, d, the diame- 
ter, and L, the length, the safe stress = 4,500 — acting 

on a projecting end, and 18,000 — acting in the middle 

between two outside bearings; that is, a 1'' pin with 
centres of outside bearings 6" apart, will bear in the 

middle, 18,000 x '^ = 2,355ft)s. If the pin connect an 

eye 1" thick, between one of J'' thick on each side, the 
length (l) between centres of outside pieces, will be 
IJ"; whence, a 1" pin will bear 4 times as much as in 
the preceding case ; or 2,355 x 4 = 9,420ibs. The 
tensile strength of a V round rod, being ll,775ft)8. 
being equal to the cross-section (0.785), X 15,000ibs. it 
shows that the strength of the rod is greater than that 
of the pin, in the condition here assumed, in the pro- 
portion of 11,775 to 9,420. Therefore, the stiftuess of 
the pin being as the cube of the diameter, in order to 
jfind the diameter (a:), of a pin for connecting 1" bars 
by eyes and connecting straps, we have this proportion 
9,420 : 11,775 : : 1^ :x^j whence z = 1.077 = to about 
y^ larorer than the diameter of the rods to be connected, 
and in this proportion for any size of round rods con- 
nected by straps and pins or bolts. 

But if the eyes and straps be drilled, so as to fit the 
pin through the whole thickness, the action approaches 
the shear strain, and the pin should have about f the 
area of section of the bars to be connected. The author 
would recommend, however, for general practice, that 
connecting pins be considered as acting by transverse 
stiflEhess, upon the lever principle, as above discussed. 
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XOiX. The general form in outline of the Arcti 
Truss, may be seen in Figs. 8 and 11. 

The forms of the different members, and the modes 
of connecting themi to form the complete structure, are 
many, and a minute description of each possible variety, 
in this respect, even if such a thing can be regarded as 
practicable, will not be undertaken on this occasion. 

The arch may be of cast or wrought iron in various 
forms of section. The following form of cast iron arch* 
has been extensively used in the state of !Nfew York, 
with uniform success and satisfaction. The arch is^ 
composed of cast iron sections, equal in number to 
the number of panels in the truss ; an odd number 
being deemed preferable. In Fig. 27, a on m presents 
a' top view of the arch, and D, a top view of the chord, 
from end to centre ; and A and B, enlarged cross-sec- 
tions at p and q, adjacent to the cross-bars to be de- 
scribed below, and which also appear in the figure. 
Each piece consists of two side portions of an "^ forme<r 
section, connected at tie ends, and at 2 or S intermedi- 
ate points, by cross-bars of a J formed section for the* 
intermediates, and at the ends, with sections as seen at 
C, where a view of the arch connection is shown, as it 
would appear if cut vertically and longitudinally 
through the centre, and the near half removed. 

The width of the side plates of arch castings (fronf 
the top)i, should be about /^ of the length of piece^ 
with an average thickness of from i*^- to J of the widtfii 
The top plate, about the same thickness (or a trifle lessy. 
to prevent a tendency in the piece to become hollow 
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backed in cooling), and a width, a little over one-half 
that of the side plate. 

The resisting power may be estimated as in the table 
of negative resistances under the head of square, Ac, 
pieces, calling the width of side plates the diameter, 
and using the column under J, for trusses supporting 
12 feet or more width of flooring, and the column 
headed J, in case of trusses supporting a width of 10 
feet or less, to each truss. 

The intermediate cross bars should have about the 
same thickness of plate as the side portions, a depth, 
about { that of side plates, and top plate not less than 
J as wide as the top plate of side portions. 

End cross-bars should have a top width of about | 
the width of side plates, and cross-section sufficient to 
sustain a whole gross panel load for the trues, by trans- 
verse resistance. If it have a depth equal to | of its 
length, and a form of section as strong as a rectangular 
bar, it will safely sustain 1,000 to l,200ft)«. to the inch ; 
and it is recommended to allow one inch of section in 
each end cross-bar to every l,OOOS)s, sustained at the 
joint. Then, there being two cross bare together, the 
point will be doubly secure. 

Semicircular notches in the ends of contiguous arcb 
pieces, form a vertical circular hole at the joint, for the 
passage of the vertical member. 

When the side plates are thin, the thickness should 

be increased for a few inches from the end, to aflord a 

-p 90 suitable bearing surface at the joint ; 

^n- \ " and the ends of arch pieces should 

be fitted (usually by planing), to a 

proper bevel to form a fair joint. 

The joints, however, are sometimes 

formed by cutting taper key seats (as seen in Fig. 28j, 




Arch Truss Bridges. 



175 



in one of the contiguous ends, to admit wrought iron 
wedges about an inch wide, and in sufficient number 
to give a bearing upon wedges, equal to at least one- 
half the section of iron in the chord. This method has 
answered well in a large number of bridges, and la 
convenient for adjusting the arch in line; but the 
planed ends form much the more workmanlike joint. 

The centre arch piece has usually a full top plate 
over the whole width of the piece. 

The endmost section, or foot piece of the arch, con- 
nects with the chord by means of. horizontal holes in 

the feet to receive the ends 
of an open end link of the 
chord, which is secured bv 
screws and nuts as shown 
in Fig. 29, representing an 
inside view of the foot ol 
one branch of the arch. 



Fig. 29. 







C. The chord is composed of two long links of round 
or square iron to each panel, connected by cast iron 

connecting blocks at 
points vertically under 
the arch joints. The 
form of these' blocks is 
represented in Fig. 80. 
They diminieh in length 
from the endmost to the 
centremost, the former 
being long enough to re-: 
ceive the links running parallel from the connection 
with the arch, and the next block, being shorter by 
twice the diameter of the link iron ; the ends of links 
toward the centre of the truss, going next the end i of 
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otmneetiDg blockB, and oatside of the ends ptnntiag 
toward abatmenta ; and, the members of each pair of 
tioks being parallel with one aaother. [D, Fig. 27.] 

The conaectiDg block has an oblong section where 
it receives the lioka, being rounded on the sides to fit 
the semicircolar ends of links. 
There shoald be an accurate 
fit between these parts, to 
effect which, perhaps, the best 
plan is to ream the ends of 
( I links, and turn the bearings of 
blocks to a naiform size. For 
this paipose, the block is cast with extra metal to be 
turned off at the bearings, and with the portion be- 
tween bearings a little thinner vertically, than the 
taraed portions, as shown in Fig. 30A, in which a is 
ft section and bb are the bearing sorfacee. 

The vertical thickness of the block where it receives 
the Haks, should be at least 1^ times the diameter of 
the link iron, and the cross-section multiplied by the 
width of block, and divided by diameter of link iron, 
should give a quotient about 13 times as great as the 
sroes-section of both sides of the link. 

The middle portion of the block is east with the 
proper size and form for the upright and diagonal 
members to pass through in the required directions, 
and is provided with suitable facets for the bearings of 
Duts. The least cross-section through all or any of the 
boles, should be at least one-quarter greater than the 
■ection at the link bearings. In Fig. 30, a, b and c re- 
■pectively represent a side, end and top view of the 
east iron connecting block. 

The oblong section of the connecting block was 
ad(^ted to obtain greater transverse strength in the 
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direction of the strain. But it has recently occurred 
to the anthor, that perhaps, after all, a circular section 
of block woald have the advantage, inasmuch as it 
would not require so short a bend at the ends of 
links ; whence they could the better adapt themslves 
to the block, and would not require so great a disturb- 
ance in the condition of fibres or particles of the iron 
in forming the bends. With a diameter of block equal 
to 8 times that of the link iron (in case of round iron), 
it is believed that good iron would suffer the bend 
without material deterioration, or greater liability to 
break the ends, than in other parts of the link, espe- 
cially if welded in the straight part. 

The enlarged central portion of the connecting block 
has upon its upper side, a flat surface rising a little 
above the links, to afford a beam seat for the cross- 
beams of the bridge to rest upon ; which, in case of 
wooden beams, should present a bearing surface of 80 
to 40 square inches. 

CI. The upright is made of round wrought iron, If 
to 2 inches in diameter, for bridges from 60 to 100 feet 
in length, when designed for common road purposes. 
The upper end is furnished with a screw nut, and a 
ring or collar welded on at a sufficient distance below 
the nut to allow the arch castings, and eyes of dia- 
gonals to come between nut and collar. 

The lower end is turned or swaged down to a dia- 
meter J" or I '' less than the body of the rod. for a 
length sufficient to reach through the connecting block, 
and receive a nut on the end. This is to form a 
shoulder at the upper side of the block, to act ir c?«o 
of a thrust action of the upright. 
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The two longest uprights have usually been made 
double and divergent from the collar downward., the 
branches being of iron from J'' to f smaller in dia- 
meter than the single uprights, and passing through 
the connecting block near the links, either inside oi* 
outside, as deemed most appropriate, vj^ith a thin ml 
above, and a common nut below the block ; also a cast 
iron washer above the upper nuts, for the beam to rest 
on, instead of resting upon the central part of the 
block. The object is to give lateral steadiness to the 
arch, and diminish its vibration. 

A better eftect in the same direction is produced by 
connecting the upper ends of those uprights across 
from truss to truss, in case of long bridges. For this 
purpose, the upright may extend a little above the 
arch, when necessary to give head-way (or, perhaps 
better still, the arch itself might rise higher above the 
chord, thus diminishing the action upon both arch and 
chord), and a light cast or wrought iron strut intro- 
duced, to counteract the tendency to vibration of the 
arches, arising from the spring of the beams. As the 
the two trusses naturally tend to vibrate in opposition 
to each other, it is suggested whether simple ties of 
f iron, would not so break the regularities of the 
vibrations as to prevent their increase to an objection- 
able extent. The rigid strut, however, would be more 
effective, being capable of acting in both directions ; 
and, if thrown into the form of a graceful arch, it 
would be ornamental withal. 

CII. The diagonals are round rods, with an eye at 
the upper, and a screw and nut at the lower end of 
each ; the screw portion being about J" larger in dia- 
meter than the plain part of the rod. Tvvo eyes of 
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diagonals go upon each upright (except the endraost) ; 
that of the rod running downward toward the centre 
going above the other, the better to prevent interfer- 
ence with the cro93-bars of arch pieces, as will be un- 
derstood by reference to C, Fig. 27. 

The eyes lie in horizontal positions, the rod in each 
case being bent to the required pitch to meet the con- 
necting block. The bend should be as near as may be 
to the eye, without preventing a fair bearing of the eye 
upon the collar, or the subjacent eye. Care should be 
taken to have fullness and strength in the neck of the 
eye, that it may withstand the indirect strain at that 
point. 

The proper sizes for diagonals and chords should b^ 
such, in common road and street bridges, as to afford 
at least one square inch of cro98-3ection for each 
15,000B>3. of stress produced by the greatest load to 
which such bridges are liable, which in the author's 
opinion, should be estimated at about lOOIbs. to each 
square foot of bridge flooring, exclusive of weight of 
structure ; a rule which he originally adopted, and has 
adhered to in practice with most satisfactory results. 
Many bridges have been constructed with lighter pro- 
portions than this rule would require, some of which 
have endured, while others have failed. 

It is true that ordinary road bridges are seldom ex- 
posed to lOOBbs. to the foot of floor surface, but it is 
nevertheless, deemed expedient to provide for such 
a contingency. 

The modes of estimating stresses of difibrent parts 
of the truss, have been fully discussed in preceding 
pages, [xxvii &c.], and it seems unnecessary in this 
place, to specify niore particularly the dimensions of 
the several members of the truss. 
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1 '7.f . Anotfcei* devise for the connections 6f diagonal 
at the arch, is to replace the bent eye of the diagonal 

Fio. 30B. ^y * straight end with screw 

and nut, and to have oblique 
holes cattt in the ends of arch 
pieces for diagonals to pass 
through, on each side of the" 
upright. [See Pig. 80BJ 
The diagonals may be single, 
or in pairs. The latter plan 
is preferable, as giving a^ 
better balanced action ; es- 
pecially in case of rail road bridges, which are subject 
to greater action upon diagonals. This plan obviates 
a degree of lateral strain upon uprights, resulting from 
the eye connection. In this case, the upright should 
have a shoulder bearing on the under side of arch 
(Hastings, to sustain the thrust action. 




CIV. It will be seen that these trusses, having a 
width of base equal to about one-fourth of the height, 
will support themselves laterally, without any assist- 
ance from one another, or from other parts of the 
structure, wherefore the flooring, including cross' 
beams, may be entirely of wood, and may be renewed 
at pleasure, without any disturbance of the iron work ; 
a property peculiar to this kind of truss. 

The original design, therefore, was to use wooden 
cross-beams, formed in two pieces, as by slitting an or- 
dinary beam vertically, bolting the parts together, and 
boring at the ends for the uprights, so that they may be 
conveniently put in and removed whenever they re- 
quire renewal. Diagonal braces of wood, or what ir 
much better, tie rods of iron with an eye at each end, 
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and a swivel or turn buckle adjustment near one end, 
Ci pair between each two consecutive beams, to which 
they are bolted near the uprights, are required to pre- 
vent a lateral swinging or swaying of the bridge; 
whence these members are usually called sway braces, 
or sway rods. In the end panels the sway rods are 
attached to the feet of the arch. 

Upon the cross-beams, longitudinal joists are placed 
to support the floor plank, a thing so simple, and so 
generally understood as to require no further descrip- 
tion or illustration in this place. More or less casings 
and finishings of wood work outside of the road way, 
^re usually added, according to circumstances, or the 
taste of the builder. 

CV. The rise of the arch above the chord, will admit 
9f a considerable degree of variation. A pitch of 24 
to 26 degrees for the end arch pieces, it will seldom be 
advisable to exceed in either direction. That pitch 
divided by the whole number of joints in the arch (6, 
for a seven panel truss), gives the angle of deflection 
at the joint, equal, of course, to twice the angle of bevel 
for ends of arch pieces. 

This, however, does not produce an arch in equili- 
brio under a uniform load, which, as we have seen, 
[xxvn and lii] requires a parabolic curve, while equal 
deflections produce a curve between the parabola and 
the circular arc; not departing from the former, how- 
ever, widely enough to be of material moment for or- 
dinary spans. The effect is only the throwing of a 
trifle more action upon certain diagonals ; for which 
the convenience of aniform bevels, is, perhaps, an ado* 
quate offset 
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Cylindrical Arches. 

CVl. Arch Truss bridges have been constructed 
"with cylindrical arch castings, in connection with up- 
rights, dividing and diverging downward from the 
arch to the beams, thus serving to give Uiteral support 
to the arch, and preserve it in line. 

Tiiis form of arch castings was supposed at one time, 
to possess sufficient advantnge over that already before 
described, and which is commonly known as the In- 
depeiulent Arch, to warrant its adoption, inasmuch as 
it is the stronger form to withstand compressive strain. 
But it is also more expensive in the manufacture, to 
an extent perhaps sufficient to balance any practicable 
saving in weight of metal. llencQ,' the Independent 
Arch has acquired decidedly the greater popularity, to 
which its just title can scarcely be questioned. Further 
detail, therefore, as to the mode of constructing the 
cylindrical arch bridge wull not be here recited. 

Iron Beams for Bridges. 

CVII. It is now over thirty years since the writer's 
attention was first directed to the subject of Iron Truss 
B"idgos ; a period w^hich may be said to comprise the 
history of the use of iron as the sole or principal mate- 
TiA in the main supporting members of those useful 
structures. 

At tlrat time, there was one Iron Truss Bridgem use 
in th ; state o\' New York, and only one, to the w^itei's 
knowledge, either in this state, or in the world, though 
'••he fivCt may be otherwise. 

That oridge, though possessing merit as the result 
of a fi.r3t effort, did not prove a complete success, hav- 



Arch Truss Bridges. 



183 



ing failed, and, being rebuilt, failed a second time, 
many years ago; so that, at the present time,'a certain 
Iron Truss Bridge built by the author ot this work in 
1841 and 42, upon the Arch Truss plan, essentially as 
described in the last few preceding pages, is believed to 
be the oldest Iron Truss bridge in use in this country, 
if not in the world. 

At that time, it was not thought advisable to attempt 
more than the construction of Iron Trusses, to be used 
in connection with wooden beams, joist, &c. ; which 
latter portions could be renewed as required, with 
comparatively little trouble, and at much less cost, 
than the interest upon the extra expense of iron beams 
would amount to within the lifetime of wooden beams. 
But as the public mind seems now to have become 
convinced, not only of the safety and expediency of 
the use of iron for the trusses, but also for the beams 
of bridges, it becomes a question of interest to deter- 
mine the best manner of constructing and inserting 
such beams. 



CVlil. Four general plans of iron beams have been 
used successfully ; namely, the cast iron web and 
fiange beam, the wrought iron skeleton, the composite 
(wrought and cast iron), and the solid wrougth iron 
rolled web and flange, or I beam. Th^se may all be 
ujed with good results, in particular cases, and under 
modifications adapted to respective circumstances. 

For general use, however, I regard the solid rolled 
I beam as entitled to a decided preference ; and, with- 
out discussing relative merits in this place, I propose 
simply, at this time, to suggest plans for adapting the 
laGt named beam to the Whipple Arch Truss, thus 
making the plan about all that can be hoped to be at- 
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tamed, as a cheap, substantial and durable iron bridge 
for genenil use, for spans varying from 40 to, — perhaps 
125 feet. 

For bridges 16 to 18 feet wide in the clear, and 
panels ten or eleven feet long, a 9 inch beam, weighing 
softs, to the foot, is in good proportion ; and whea 
side walks are not required, the beams may be cut 
with square ends, just long enough to go between the 
uprights of opposite trusses, and provided with a fixture 
at each end, formed of a plate of iron about f '' thick, 
7" wide, and about 2' long, bent in the form of a jews- 
harp bow. The loop, or bow {ii^ Fig. 31), is to eucir- 

FiG. 31. 
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cle the upright, and the straight sides^ to receive the 
vertical web of the beam between them, and to be 
fastened thereto, by two bolts and nuts. One of these 
should be 1\" in diameter, and long enough to receive 
the eye of a lateral diagonal tie, or sway rod (to prevent 
swaying or swinging), under both bead and nut, and 
placed about 5|" from end of beam, and 2J" above 
lower edge of plate. The other bolt may be IJ" or 
l\^\ and placed with its centre X\'' from end of beam, 
and from upper edge of plate. Th e thread of the screw 
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sboold not ran into the plate, even if a washer bo re- 
juirxjd in order to fetch the work together. 

A couvenient modification of this fixture if to have 
it made in two pieces with two ^'' bolts outside of 
the cprtgl^t, as seen at c^ Fig. 82. This affords a oon- 
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venient means of attaching a light bracket (6)^ to §n§' 
tain face plank and coping (a), over the chords, stiefa 
as are commonly used in this kind of bridge. It also 
enables iron beams to be inserted in bridges originaflj 
bnilt with wooden beams. 

The connecting block in tins case, sboold bare an 
derated ring aronnd the opright, far the eje of the 
fixture to bear npon, to ke^ the beam from bearing 
altogether np^m the inside cf the upright, and prodoe* 
ing unequal strain. 

UJL5L Another ifu^ettion 151, to form t^niSrmy in 1b4 
upright ja^ aVjnre tb^e? <»nne^ing hW^c ffft the be^aini 
to paw through and r««it ifi ; ail ««»efn ali,Fi;jp?ni. TWf 
will admst fif pr^^^^int b<5am» Up nny^^ri ^f\^ yf^Xkn, 

The jidrrsp r«ay »>^ Pmn^ of Sr^m V \fj T 'ft ^W 
according ".> f>t*: f{i%:u7Kf:fjsf of fewlg-!?. Tb« wm ^h^mti 

U 
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be upset, so as to give sufficient width and strength at 
the bottom of the stirrup to allow a IJ" stem to be 
screwed in, to pass through and support the connecting 
block. This stem may extend above the bottom of the 
stirrup, about |", a hole being made in the under side 
of the beam to receive that projection. The thread of 
the projecting part of the screw, which enters the beam, 
should be turned or chipped off. This plan may be 
used in bridges either with or without side walks. 

Again, the upright may terminate in a flange at the 
top of the beam, and bolts screwed or cast in the. top 
of the block, or running through the block with head 
or nut below, one on each side of the beam, and con- 
necting with the flange of the upright, as shown at B, 
Fig. 32. 

In the case of double uprights, the beam being cut 
to go between the inner branches, the fixture plates 
should lap about 20" upon the beam, and extend so as 
to clasp both branches of the upright. 

ex. To introduce the solid wrought beam in bridges 
with sidewalks originally constructed for wooden beams, 
the following plan is suggested. 

Let the beam be cut, say 1" shorter than the space 
between opposite uprights. Then, take for each end 

Fig. 33. 




•'♦f the beam, two plates -|" thick and 7J" wide, or, 
wide enough to fill the space between the flanges oi 
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the beam at 1" from the cientre, so that one being 
placed on each side, they will be kept fer enough 
apart to admit the upright between them. The plates 
should be long enough to lap 20" upon the beam^ and 
extend to outside of side walk. They may be bolted 
with two I'* bolts near the end of the lap, and one near 
the end of the beam by the upright; as seen under the 
letter u in Fig. 33. A 1 J" bolt in the centre of depth, 
and 7 or 8 inches from the upright, will serve both to 
aid in holding the plates in place, and to connect the 
sway rods I, These plates should not be cut by bolt 
or rivet holes in the upper part, except at considerable 
distance from the upright u. 

Small bolts or rivets, r r, etc., should be inserted at 
intervals of 9 or 10 inches, near the lower edge, with 
thimbles to stay the extension plates apart, 
^^' ' leaving a space equal to the diameter of the 
upright. In Fig. 33, s-w is a part of the 
extension for supporting side walk ; Sj a 
cast iron saddle weighing about 4ft)8. for 
joist bearings, and c, a cross-section through 
the splice. 

To afford a proper bearing upon the cou- 
necting block, it is proposed to use a 
wrought iron ring (R. Fig. 34), high 
enough to throw the whole weight upoa 
the extension plates ^e, and f" to 1'' in 
width, except on the side next the beam proper, where 
it is to be clipped or drawn down to J". This, how- 
ever, is not an essential point. In case of bridges 
already erected, the ring will have to be left open as 
at R', r.n 1 when used, heated and closed around the 
tiprght. 
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CXL The Link Chord, coropoeed of aeet of links 
to each panel, connected by pins or connecting blocloi 
(the latter aftbrding also points of attachment for ver- 
ticalSy diagonals, &c.), both for Arch and Trapezoidal 
tru.-^see, was originally adopted by the author, as the 
readiest means of putting the requisite amount of chord 
fuaterial in a manageable form, both as it regards manu- 
facturing the parts, and erecting the structure. This 
form renders the whole section available for sustaining 
tension, avoiding any loss in rivet or bolt holes for 
forming connections. 

The experience of more than a quarter of a centurjr^ 
during which time many hundreds of bridges with link 
chords have been constructed, and used in almost all 
eonceivable conditions, (in many cases, undoubtedly, 
the links having been but imperfectly manufactured 
and fitted to the connecting blocks), with a degree of 
success and satisfaction seldom exceeded, may reasoaa- 
bly be regarded as fairly establishing the efficiency and 
safety of this mode of construction, when proper care 
is used in the performance of the work. 

Continued and successful usage in a multitude of 
instances, is regarded as a better criterion as to tbe 
reliability of a plan of construction, than a small num- 
Ter of isolated tests, however severe; aiid such asaga 
the link chord has been subjected to. 



CXn. The theoretical questions to be considered i 
thi« case, would seem to be, as to the possible deteriorap- 
tion of the cohesive strength of the iron, produced in 
forming the bends at the ends of links — the indirect, 
or lateral strain in those parts, resulting from impeir- 
feetion of the fitting to the connecting block or pio, 
and, the imperfection of the weldings, both as it re- 
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garda eompt^te eoberiOD, Mi the teddency tb ery8ta11i«> 
jsatioii utider the welding heat, not being fally destroyeA 
by aabseqiient hammering and working. 

The whole process of the manufacture And refineniertli 
of iron, is based upon the principle that disconnecled 
pieces of iron brought in contact under intense heat^ 
but without complete fbsion, and subjected to violent 
compression, as by hammering or rolling, will unite, 
and become a single piece or mass. 

Every bar of refined iron found in the iron market, 
is composed of half a dozen or more parts, which weie 
once separate and disconnected. Those having been 
'* fiigoted,*' or placed in juxtaposition, and submitted 
to a welding heat, and passed repeatedly between 
ponderouii rollers, or subjected to the blows of heavy 
hammers, are united and drawn into bars of required 
sizes and forms for use. 

These masses, taken from the furnace and suffered 
to cool without hammering or rolling, would be found 
more or less crystaline and brittle. But the latter 
operations prevent such a result, and the iron becometi 
more or less soft and flexible, even in a cold state. 

Iron which has undergone the uniform process of 
rolling, is generally of uniform quality and strength 
throughout the whole piece ; and, as far as it can be 
used in that 6tate, without re-heating and re- working, 
it may be regarded as somewhat more reliable than 
when it has been forged and welded into diflferent and 
more complex forms. 

The high temperature required in welding, domands 
experience and judgment in determining the proper 
time to *' strike/' that is, when the metal is hot enc:.gli 
to adhere firmly, but rot overheated to burning. 
Moreover, though the hammering required to brin^ 
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Cie para nz^ner jiiit re^nce to^iril "si prooer Sirra *-^ 

wi'iir^i p«:rir, §dll •in ■ii^j.er ?iii* are p«rdfc>iw Trhi-ja 
maj 'aave b»it*!i litia.rt*tL a*} -i& jj •ihaa^-j die ^jw%£lz^ 
■i.-rTir :c pjirrit ::♦=:*- irL»L i«:c §?!>:; jei^rai jl> 5ai5i:L€d iuja- 
itTL'*z^ :») 'i: iir^'tTai:^ lie 'iei:erT«:>cad:^-^ teiiti«:jL?T. 
E^ii:^, A fcr^k: -a ni'/ri lLiI:-i«* :o like pioce ;i I:tri^> oa 
oc.*i rile, r:i:i2. :ni:n»^i::irr 7 :iLr>a:jTi the 'ssrekied rmn^ 

T .■ .OTLire in:.'? L^.:L"rr.tie Dafts to be x^eltieti a&va.Vi 
le e^ j.T'z^.1 ':t TiJitrrriivz ^e'rerj.I in 'Hies rroci tke ea«l, 
io a.* '> i'lni:*: -.f 7^-:rA-v:nz "ii«Ier tLehaniaier ;& litile 
l-iT v. : ^..er*r "rle :i:e?:.^e ietL* Las ncacLeiL 

B;t tLeirv ci.-rii-r r-:r *;i*i m-rciect. aithoc^h the 
aTciianoe or "s-e-.r:: g ir. work to he exjirsed to grtit 
Krfe-a :* d-rsiri.'..-^. :: is nevertLeie^a a ftet €sc;i.t'iULcJ 
l-v laz-^i ei;:'*5:rlccioe, zhj^z TCcl*iei f-art? will beer as 
grea* a &rni::i a* Like:* place in well pr>f'OrtioQed 
lii'i^K wi-rk, "^ith i.-? nm::! eertait.tT as ever has been 

trave.. i-oi.jr^ bir-:. ru..5 l-re-fC, wlieels ai^d i;jt!ei 
break. e*c., C'M.. 01: :.-r :i: ::7e o: a weli in : rlljre 
Tfork i.s ra.e ii. ie-ri. aiivi verv few au:Leu:ic;iteu v:a:?03 
can be referred to. 

I V. <-.ii!d, ho'^ever, prefer a we'i in the strjiight part 
raT!i»rr than in the en i ot a link, unless made with an 
exoe-s of section around the bend. Whether a bond 
aroTind a j»in of IJ or 2 times the diameter of the link 
iron is more liable to break than the strai^rht sides 01 
Ute link. I can refer to no reliable authority to deter 
mine. The lonsntndinal strain is no greater in the 
bended, than in the straight parts, if well titted to the 
pin. But of course, it can not be expected to have a 
fit BO close aa to ensure a firm pressure quite round the 
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seijii-circle. Hence the bearing is mainly on the back 
side of the pin, until by a yielding to compression, and 
by a slight bending of the link end, a pressure is pro- 
duced all around. 

This slight bending, good iron will undergo without 
having its strength impaired, when in its normal con- 
dition. But this condition is disturbed in the process 
of bending, the outside portion being extended, and 
the inside compressed, whereby the stiffness of the part 
is increased. In the outside portion the power of re- 
sisting extension is increased, while that of the inside 
portion is possibly diminished ; and, whether the 
aggregate resistance to extension is increased or dimin- 
ished, experiment alone can determine ; and, undoubt- 
edly, the more soft and flexible the iron, the better can 
it adapt itself to a bearing upon the pin. Hence, it 
should be allowed to cool gradually from a full red 
heat, after the shaping is finished. 

Hence, also, the necessity of extra section in welded 
enas, which, being less flexible, must obtain bearing 
surface by compression and yielding of contiguous 
parts, rather than by bending, and consequently, must 
undergo greater transverse strain in the end of the link, 

CXni. A link formed of wire J" in diameter, formed 
to a pin ^7j" in diameter at one end, and brazed with 
a long lap at the other, suffered a permanent stretch 
in the straight part, of one per C. of its length, with no 
apparent injury at the ends. Other analogous experi- 
ments have shown similar results, namely, that th'» 
straight portions will yield before the bended portions. 

Now the same decree of disturbance in the metal 
takes place in a small, as in a large rod, bent to a 
curve whose radius has the same ratio to the diameter 
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€ft the rod. Hence, it is difficult to avoid th^ coisclit- 
Abti that rods of soft and flexible iron, such as ought 
td be used for tension naembers in bridge work, bent 
to a proper fit upon connecting pins of diameter about 
twice that of the rods, and formed into links by weld- 
ing ill the straight parts, are quite safe under any stress 
Within the limits adopted in bridge work. 

But it seems to be more convenient to form the weld 
fltt one end of the link, if not both, and such has been 
the usual practice; and, as before remarked, if a sur- 
plus of metal section quite around the bend be secured, 
and the work well performed, this plan can scarcely be 
regarded as faulty, especially, in view of the kug, 
varied, and successful usage of such vast numbers of 
finks made in this manner. 

Now, although the link chord is very simple, effi- 
cient, and convenient to make and manage, there are 
available alternative devices, some of which will be 
here described. 

The Eye-bar Chord. 

CXrV. This is composed of two or more single rods, 
of oblong, square, or round section to each panel ; 
connected by cylindrical pins passing through strong 
eyes at each end of the chord bars. 

This plan until recently, has involved quite as much 
Welding as the link chord; the eyes having been 
fbrmbd in separate pieces, and welded to the body of 
the rod. But within a few years a process has been 
devised by the Phoenix Iron Co., of Pennsylvania, for 
upsetting and forming eyes upon rolled bai^. A mold 
or die gives the desired form and size to the head, and 
aside from the fact that a violent disturbance of the 
normal condition of the iron is produced in the vicinity 
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of the head, there can be no question as to the excel- 
lence of the work produced ; and it is undoubtedly, 
perfectly reliable, under any stress to which it is ad- 
missible to expose the material in bridge work. 

Figure SOB^'epresents the joint of an eye-plate chord 
at c, adapted tloSthe arch truss. Upright and diagonals 
have each an eye to receive the connecting pin at the 
lower end. The upright has a washer above the eye 
to form a beam scat above the eyes of the chord plates. 
Perhaps the washer should be in the form of a saddle 
or stool, with downward projections bearing upon the 
pin outside of the diagonals ; or, perhaps inside, in 
case the diagonals be in pairs, as before suggested^ 
fcni.] 

Size of Connecting Pin. 

CXV. Considering the average bearing upon the 
pin, to be at the centre of thickness of the eye, or link 
end, as the case may be, the thickness of the eye indi- 
cates the leverage upon which opposite links act, when 
side by side upon either end of the pin. Estimating 
the strength of the pin, then, at 4,500ibs. to the square 
inch of section, with a leverage equal to the diameter 
of the pin [see xcviii,] we obtain the proper diameter 
of the pin as follows : 
Let a=arca of section in link or chord bar. 
<=thickness of eye«leverage of action. 
a:t«diameter of pin, in inches. 
~ Then, .7854z^s=area of pin section ; and this multi- 
plied by 4,500 £,« ?5?^x3, equal to the resisting power 

of the pin ; while 15,000a=*the power of the link ; and 
putting these two expressions equal to one another, 
and deducing the value of Xy we have tlte required 
diameter of the pin, ^4.244a.^ inches, =a;. 

25 
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CXVT. If a=4 square inches, and <=»1.5 inches, 
then a.t = 6, and x = -^6x4.244 = 2.94 inches. 
This diameter of pin is required to withstand the action 
of the chord alone, which is the only stress upon the 
pin when the chord is at maximum tension. But 
when the diagonals running in the same direction 
horizontally, with the inside links, are brought into 
action, they act in conjunction with the links in pro- 
ducing stress on the pin. 

Now, the greatest stress upon bn^ Fig. 11 [see xxxiv] 
occurs when the point 6 alone is loaded, and the links 
ab sustain f of their maximum stress from movable 
load, and fcy?. sustains 5m?", givinga horizontal Dull of about 
6.5w^'', the amount varying with depth of truss. Again, 
besides the 6w" bearing at the point a, in virtue of 
the movable weight {w)y at 6, we have 3m?' due to weight 
of structure, also bearing at a; and assuming 3i^?' to 
be equal to !?(?, or 7m?'' the whole pressure at a, equals 
13m?", when the horizontal pull oibn equals 6.5m?". 

The tension of r/6, in the usual proportion of arch 
trusses, equals about 2\ times the bearing at a, whence 
the stress of ab with the point b alone under load, 
equals 13m?"x2.25, = 29.252^". Deducting from this, 
6.5m?" for horizontal pull of bn^ it leaves 22.*J^io" « 
stress of be. Then, assuming the diagonal to act in 
the centre of the pin, and the length of pin between 
centres of bearing of outside links to be 27", we find 
the stress at the centre of the pin, by taking the mo^ 
ments with respect to the centre, of the action of the 
two links at either end of the pin. The difference of 
these moments, the forces being opposite, is the mo- 
ment of the force producing stress at the centre of the 
pin ; in other words, it is the force acting transversely 
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upou the pin, at a leverage of 1 inch, the inch being 
our unit of length. 

We found the pull of ab = 29.25m;", or US2Sw" at 
each end of the pin, which multiplied by distance from 
centre (13.5'') gives a moment = 197.4375m?", while for 
be, the moment is ^x 22.75x12'' = 136.50m?" ; and the 
difference = 60.9375m?'' = stress in centre of pin, upon 
a leverage of 1". 

Assigning such a value to w^' as will give the as- 
sumed stress of 15,000ibs. to the inch upon ab with the 
truss fully loaded, withabearingata, of 21m?" for mova- 
ble, and 7?(?" (= 3m?'), of weight of structure, we find a 
stress of 28x2J (= 63)m?" = 8x15,000011)3. = 120,000ft)s; 
whence 2(?" = l,905ft)3. which, being substituted in the 
above amount of 60.9375m?" gives the stress in pounds 
at the centre of the pin, on a leverage of 1", equal to 
116,086ft3. 

We have seen [xcviii] that the resisting power of 
a projecting pin equals4,500—, which in this case, equals 
4,500ad(l being = 1), equal to 4,500 X.7854x3. t^i^qi^^ 
making this expression = 116,088ft)s. we have x — 3.2" ; 
being 0.26" larger than is required to withstand the 
action of chord alone, at its maximum stress, as already 
fihown [cxvi.]. 

By simihir process we find very nearly the same re- 
sults with respect to the shorter pins toward the centre 
of the truss. For, although the maximum action of 
diagonals takes place under greater stress upon chords, 
the difference is balanced by diminution in length of 
pins toward the centre of the truss. 

Should this mode of connection be adopted, the pre- 
ceding illustrations and examples, it is hoped, will 
enable the proper proportions of connecting pins to bo 
determined for trusses of whatever dimensions. 
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A Riveted Plate-chord. 

CXVII. May be formed of flat plates as long as may 
be conveniently managed, connected by splicing plates 
of a little more than half the thickness of the chord 
plates, one upon each side, riveted or bolted with such 
a distribution of rivets, &c., as may not weaken the 
plates by more than the width of one rivet hole. 

The area of rivet section should be at least | to | as 
great as the net section of the chord plate, on each side 
of the joint; and, ^o, Fig. 34J denoting the splicing 
plate, the distance ed^ from the joint to the centre of 
the first rivet hole, should be at least twice the diame- 
ter of the rivet (depending somewhat upori the size df 
rivet and thickness of plate, as well as the soundness 
of grain in the iron). The succeeding rivets, a, e,/, 
&c., should be placed alternately on opposite sides of 
the centre, so that the oblique distance ac (= O), may 
equal the transverse distance (= T), + the diameter 
of whole (= n ). Then, representing the longitu- 
dinal distance be, by L, we have T+H = O, and 
(T+H)^ = 0^ -= T^+L^ = T2+2TH+IP; Whence L 
« %/2r.ii + iP. 

If the pliites be 6" wide, and T. = 3|" (which is re- 
garded as in good proportion, the above formula gives 
L — 2J'' very nearly, for a f " hole. Then, 5" being 
allowed for the space ce, and 2" each for cd and eg, the 
splice plates would have a length of 20J", and | of the 
whole section of chord plates would be available fot 
tension; since an oblique section through two holes, 
would quite equal a direct transverse section through 
one hole. 

The amount of rivet section above given is estimated 
upon the assumption that each rivet must be sheared 
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off in two plaees; and that it v^ill resist, those shear- 
ings, each, with about f of the force required to pull 
the rivet asunder by direct longitudinal strain. 

It is obvious that the two rivets e and/, Fig. 34^,su8« 
taining a portion of the stress of the chord plate, relieve 
in the same degree the stress upon the portion betw'een 
those rivets and the joint, or end of the plate ; whence 
it is not necessary to preserve the same section in the 
portion thus relieved, as in other portions of the plate. 
Tiurefore the rivets a and c, nearer to the joint, may 
be larger than e and/, when the section of plates re- 
quires more rivet section ; provided always, that the 
least net section of splice plates, have as great an area 
aa the chord plate has through only one of the smallest 
rivets. For instance, four f" rivets are sufficient for 
plates 6" X \'\ But plates 6" xf'' require more 
rivet section — say f" for e and /, and y for a and e\ 
while, the same for the former and 1" rivets for the lat- 
ter, give about the required section for plates 6" X f ", 
This leaves in each case, the same proportion of net 
available section of plates. 

Moreover, if rivets a and e be placed opposite to each 
other, and /be removed to a, the rivets being f" and 
1" respectively. Then, the smaller rivets sustaining 
over J of the stress, while the others sustain less than 
f, the latter may cut oft* J of the net section (which is, 
in this case f " less than the whole width of plate), and 
still leave enough to sustain more than their own 
legitimate share of the stress. 

This may be done by one rivet or two, placed op- 
posite c ; and thus the length of splice plates may be 
shortened to 15| inches, instead of 20J, as represented 
In the diagram. Bat, as in this case, the long plate 
has a net wiiith of 5^" and the splice plates, only 4" 
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the latter req'rro 31J per C. more thickness than the 
former, so as tc nearly or quite balance the saving in 
length. 

As to the proportions of parts, in this kind of work, 
I would suggest that the thickness of plates be from Jth 
to j'jth of their width, and the diameter of rivets, from 
1 to 1 J times the thickness of plates. If plates be very 
wide and thin, they niay be liable to be strained un- 
evenly, and if very narrow, an unnecessary proportion 
of section is lost in rivet holes. 

Fig. 34 J. 
O^ Qa I O O 

CXVin. The end connections of plate chords of this 
kind, may be eflected by riveting on side plates at the 
ends, as seen at E, Fig. 34J, so as to give a thickness 
that will allow about J of the width of plate to be cut 
away by a hole for the connecting pin P, either round 
or oblong with square ends for adjusting keys or 
wedores. 

Or, the side plates may be omitted, and two key- 
boles made in the middle of the plate, one for a key 
having a thickness equal to the diameter of the smaller 
rivets, and far enough from the end to admit of another 
hole nigher to the end, with about 2" between the holes. 
This may,if necessai7,have twice the widtliof the other 
hole, and should leave at least twice the width of hole, 
between hole and end. 

The width of the wider hole,+twice that of the other, 
should equal about half the width of the plate ; and 
the keys should be driven to an equal bearing before 
the work be subjected to use. 



Arch Truss Bridges. 199 

The connecting blocks used with this chord, sus- 
taining only the horizontal action of diagonals, may be 
considerably lighter than those used with the links, 
especially in arch trusses. In order to transfer the 
horizontal action of diagonals to the chords, mortises 
may be made in* the plates, as seen at m Fig. 84^, not 
wider than the smallest rivets used in splicing, to re- 
ceive tenons of wrought iron cast in the block. 

As to the merits of the riveted plate^ as compared 
with the link chord, it may be assumed that two splices 
are sufficient for any truss not exceeding 100' long, and 
that the weight of splicing plates and rivets will equal 
4 or 5 feet extra length of plates, say 6 per cent upon 
a chord 80' long. To this we have to add about 14 
per cent for extra section to compensate for rivet holes, 
making 20 per cent of iron lost in forming connections. 

Links require about half as much extra material, to 
be taken up in bends, lappings, and enlargement of 
section at the ends; showing about 10 per cent less 
iron for the link, than for the plate chord. . This would 
amount to about 400ibs. for two trusses of 80', with 
links of IJ" round iron. But this may be nearly or 
quite balanced by 500 or 600ft)S. of castings, which 
mav be saved in weiii^ht of connecting blocks. 

The economy of material being so nearly equal in 
the two chords, their relative merits must depend 
mostly upon the comparative cost of manufacture, and 
the relative efficiency of the chords in use. It is deemed 
far from improbable that the riveted plate chord might 
be found, on fair and thorough trial, to be worthy of 
extensive use in arch trusses, in place of the link chord. 
The fact that in the plate chord, the iron is used in its 
original condition, as it comes from the rollers, is cer- 
tainly favorable. 
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BRIDGES WITH PARALLEL CHORDS. 

CXIX. These may be constructed with or without 
vertical members, and in form, either rectangular, with 
vertical end posts, or trapezoidal, having inclined 
end members, or king braces, as exhibited in Figs. 
12, 13, 18 and in. P ;,-i r. <; ": -/ 

Trapezoidal Truss Bridge, with Tension Diagonals 

AND Compression Verticals. 

For short spans, less than 70 or 80 feet long, the 
"f simple cancel, as in Fig. 12, will generally be used, 
with trusses too low to admit of connection between 
upper chords, except in case of deck bridges. 

The same plan of lower chords composed of link^ 
$.nd cast iron connecting blocks, may be used, as 
already described for the arch truss. The connecting 
blocks are shorter, and may be cast in connection with 
the upright, or the latter may be in a separate piece. 
Li the latter case, the block should have a suitable seat 
to receive the upright, and keep it in place. 

As the upper chord depends upon the stiffness of the 
beam and upright for lateral support to keep it in line, 
the upright should be firmly attached to the beam, and 
at right angles therewith: 

There is no means of estimating exactly the trans- 
verse force which the chord may exert upon the up- 
right. But if the ends of chord segments be properly 
squared and fitted, the lateral tendency will be quite 
small. It is recommended, that each upright have a 
transverse strength sufficient to withstand a force of 
IjOOOBbs. acting at the upper chord ; that it have a web 
and flange form of section, with a width of web at the 
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COnnecdoQ with tbe beam, not iesa than ,'( of the di* 
tance of upper chord from the beam. 

Fig. 35 will serve to illuBtrate the modes of conueo- 
tloa for moet of tho memhers of a bridge of the kind 
under consideration. That 
part of the upright between ff'and 
b, is contracted in len^h. Other- 
wise, the parts arc represented 
in nearly correct proportions. 
At c, is represented the connec- 
' tion of the lapright with the en:d 
of the beam, by means of a- 
doable eye andboH, as shown at 
k. This receives the web of the' 
bejm, to which it is secnred by, 
the traneveree bolt, which should 
be long enough to receive the. 
eye of a sway rod under both head and nut. The stem 
of this fixture extends through the upright at its widest 
part (whence it may taper in both directions), and is 
secured by a nut upon a screw of about IJ" in diame- 
ter. The beam should rest with its lower flange upon 
a email projection cast upon the upright, and not hang, 
upon the connecting fixture. 

If so preferred, the sway rods maybe connected by 
a screw and nut cast in the end of the connecting 
block, as seen at d. This plan has been used, but the 
connection by the bolt at c is deemed preferable. 

The outer and inner flanges of the upright at the 
top, being increased to nearly an inch in thickness, ac- 
cording to size of bridge, and extending S or 4 inches' 
above the web, terminate in semicircular concaves to 
receive the pin connecting the diagonals with the 
upper chord, A full view of the flange at tho top of"' 
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the upright, with the pin resting in the concave, is 
Bhown at e. 

A heavy cross-bar from flange to flange at a, and 
light cross-bars at intervals of 16 to 18 inches from a 
to 6, serve to support the flanges, and stiffen the piece. 

The diagonals are formed with eyes to receive the 
connecting pin at the upper end, and screws and nuts 
to connect with the block at the lower chord, in the 
same manner as in the arch truss. 

The main diagonals, those inclining outward from 
the centre of the truss, should be in pairs, and in size, 
proportioned to the stress they are liable to, as deter- 
mined by the process fully described in sections 

XXXIX, &c. 

The links acting in conjunction, horizontally, with 
the main diagonals, should go*on next the end of the 
connecting block, as that arrangement obviously pro- 
duces less stress upon the block. 

The upper chord, usually formed of hollow cylinders, 
has openings in the underside at the joints, for uprights 
and diagonals to enter, where they connect by means 
of the transverse pin already mentioned. The cylin- 
ders should have an extra thickness for 3 or 4 inches 
from the ends, and a strong collar around the opening, 
to restore the loss of strength occasioned by the open- 
ing; and the ends should be squared in a lathe, to 
secure a perfect joint and a straight chord. 

If it be required to give a cambre to the truss, the 
ends of cylinders should be slighly beveled at the ends, 
making the under side a trifle shorter. This is easily 
eflTected by throwing the end opposite the one being 
turned, out of centre more or less, according to the 
cambre required. An 8 panel truss requires an ex 
centrieity equal to j'g of the requiredrise in the centra 
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of the truss. For any even number of panels, make a 
series of odd numbers, 1, 8, 6, &c., to a number of terms 
equal to half the number of panels; add the terms of 
the series, and divide the required cambre by the sura, 
and the quotient equals the required excentricity to 
give the proper bevel. 

For an odd number of panels, take as many even 
numbers 2, 4, 6, &c., as equal half the greatest even 
number of panels; add the terms and divide as before 
for the excentricity. For illustration, for 8 panels, the 
four odd numbers 1+3+5+7 == 16, whence the excen- 
tricity should be y'j of the cambre, as above stated. 
For a 7 panel truss the three even numbers 2+4+6 = 12, 
Hence the excentricity should be ^\ of the cambre. 
The reason for this rule will be obvious without more 
parti c u 1 a r demonstration. 

At the obtuse andes of the truss, a hollow elbow is 
inserted (jg, Fig. 35), reaching about 10 inches each 
way from the angular point, at the centre of the con- 
necting pin, with an opening in the under side for up- 
right and diagonals to enter, where they are fastened 
by a pin or bolt, as at the intermediate joints ; the 
cylinders meeting the elbow, being shortened by aa 
much as the elbow extends from the angle, either way. 

The vertical member connecting with the elbow, is 
exposed to tension only, sustaining a weight equal to 
the gross panel load of the truss. It may be composed 
of two wrought iron suspension rods, united in a single 
eye at the top, and diverging downward to a connection 
with the beam and connecting block; or, it may be of 
cast iron, like the intermediates, with wrought iron eye 
plates, in place of the cast iron flanges with concaves 
as seen at e. These should be fastened by efficient 
means to the cast iron part of the upright ; which lat»* 
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ter should have a cross-section nowhere less than 
one square inch to each 2,000&>s. of the gross panel 
16e.d. A complete wrought iron connection from beaoL 
tp elbow, however, is to be preferred. 

The thickness of web and flanges of the uprights, 
should be from f to | inch, and the cross-section ol> 
upper chord cylinders should be about 20 per C. greater 
than that of the portion of bottom chord forming the. 
opposite side of the oblique parallelogram included b&i. 
tw^en consecutive main diagonals and included sections* 
of chords ; sls deklj Eig. 12. 

The upright should be so formed as to bring the. cen*. 
tres of upper and lowor chords in the same vertical- 
plane. 

Sway rods in this class of bridges, should be about 
f in diameter, with a turn buckle near one end for ad-». 
justment, and an eye at each end, for connection with 
the bolt at c. The screw working in the turn buckle -, 
is cut upon the short piece, which should be J'' larger- 
19 diameter than the long piece which has no sere Wr 
i]{>on it. 

The lower chords, king braces, and sway rods of the.; 
eodmost panels, connect with cast iron foot pieces-; 

upon the abutments, as represented, 
in Fig. 36. The portion of lovyer 
chord in the end panels, usually, 
consists of single rods, instead of 
links,, with an oblong eye at ona. 
epd to receive the connecting block, and. a screw- and 
Hfit for connection with the foot piece (Fig. 36), at the; 
other ciid.; 

This plan of construction will generally yield pre*, 
cedenpe to. the Arch Truss plan, for short spans, except, 
fgr 4^ck bridges upon rail roads, in which case thO; 
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structure will be secured laterally, by X ties, or sway 
rods between beams, and between king braces at the 
fehdia ; no k braeing beidg required b^Wi&Sti \oWit 
chords. 

Low truisdes constructfeA In the manner aboVe Of- 
scribed, have been tised satisfactorily for supporting 
flie outside of Vide side walks ; atiiswerih^ the pur- 
poses of a protfectidn 'railing at the same time. Pdlr 
this purpbsfe, the uprights are only 5 or 6 feet long, so 
aB to bring the uppet chord about 4 feet atboVe tb& 
flooring. The first instance of this kind was in the 
(Jase of the batiial bridge on Genesee street in Utica, 
buift 18 6t 20 yeai^S ago, and rapeatedtjr copied Since. 

CXX. Bridges fi*om 80 to lOd feet for common roa&s 
itiay l>e coiVstructed with single canceled truiSses, 13 to 14 
feet high ; lA which case the panels will require to be 
wide (horlzo'ntftlly) in order to avoid an inclination of 
diagonals toio eftee'p for good economy. 

Bat for railr^oad purposes, the trusses reqwre a depth 
of about 20 feet to aftbrd sufficient headroom under 
the top connection^, unless the beams Ve '^spfendeft 
below ^he bottom choirs. Herfce, thft 

Double Cancelated Truss 

rfiould be adopted for " through bridges " of spante 
exceeding 70 or 80 feet. 

Figures 18 and 20 exhibit in outline^ the general / ^ 
character of the double cancelated trapezoidal tinsa 
bridge ; and, it is only necessary in this place, to det 
scribe feasible modes of forming and connecting the; 
various members ; which may bo done essentially aS: 
described in the preceding section, with such inodifii : 
cations as follow. 1 
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Cast Iron Uprights 
are composed of two or more pieces. When of two 
piecus, they may be connected by flaugoB and bolta at 
the centre, where they should have a diameter of about 
fy of the length, tiatl a crosa-section determined by 
the maximum stress, and the power of resistance of 
the material, as indicated in the table [xoiil.] 

The upright may taper from the centre to either end 
to a diameter of 5 to 6 inches, internally. The lower 
end isto stand upon 
"''■ ^'- a properly formed 

seat (A Fig. 37), 
upon the connect- 
ing block of the 
lower chord, and 
may have an open- 
ing at the bottom, 
upon the inner side, 
where the beam 
may enter and rest 
upon a seat (e), inside of the upiiglit, upon the cou- 
neeiing block. The strength destroyed by this cutting 
the post should be rerttoix'd by additional metui in a 
band or collar {c. Fig. 37), around the opening, and, 
if necessary, by the wing flanges d d, exteniling 6 or 8 
inches above the opening. To avoid too nmeh cutting 
of the post, the flanges of the beams may be rednced 
to 3 or 3J inches in width. The post and beam seat 
upon the connecting block mny be elevated 3 or 4 
inches above the links, as may be required, so as to 
allow sway rods to pass through with simjile screws 
and nuts for adjustment; thus dispensing with turu- 
bucklea. 
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Holes should be cast in the central part of the post, 
for diagonals to pass obliquely through. Or, what iii 
perhaps better, the connecting bolts may be length- 
ened so as to permit the insertion of an open box, or 
frame, between the flanges, as seen at a. Fig. 37. 
This intermediate piece should be so constructed as 
to close the ends of the hollow pieces meeting it, and 
prevent the water from getting inside. 

The top end of the upright is forked, with concaves 
for the connecting pin to rest in, as described in the 
last section, and as seen at a. Fig. 38. The cap piece 
of the post may be cast separate, or in connection with 
the upper half of the column. Both plans have been 
satisfactorily used. All joints, when practicable, 
should be accurately fitted by turning or planing. 

This plan of a cast iron upright, composed of two 
principal parts, with or without the centre piece, is 
perhaps as good as any for general use ; the principal 
disadvantage being the difficulty of giving a sufficient 
diameter in the middle for stiffness, without two much 
reducing the thickness of metal, or increasing the 
amount of cross-section beyond the proper theoretical 
proportions. 

To obviate this difficulty, the device adopted in the 
original model of the Trapezoidal bridge, was that of 
using truss-rods, or stiffening rods, to secure the post 
against lateral deflection, after the mannner shown in 
Fig. 38. 

In the case of using stiffening rods for the uprights, 
it may be recommended to form each half of the column 
in two pieces, somewhat in the manner above described 
for the whole one, without stiffeners; making the 
piece forming the end portion about Jth shorter 
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than the other, with a strong flange at the larg^ end, 
jx> afford attachxaents for the stiffeoing rods. 

Fio. 38. 




In Pig. 38, a c rf exhibtte the upper half of the np- 
light ; A, the stretcher at d ; /*, the flange at t? (enlarged), 
and I, J*, enlarged sections of the two ends fornaitig the 
joiat at c. The piece running; towarc^. th« centre has no 
flange at e^ but h^ an inc^ep.8e of thickness for a s^hort 
distance from the joint, as shown at J, and a diameter 
ftbout i'' larger than the abutting piece, whi<3h latter 
has a small burr entering the former J'^ or ^'^ to keep 
tihe ends iu place, ^t ^, ea<;h of the pieces meeting 
at that point, has a bi-furcation, so as to form an open- 
ing for diagonals to pass through, at the same time 
peasi«g through the stretcher h. 

The lower half of the upright is the same as the 
upper, except the end, which is squared to fit a flat 
bearing upon the connecting block. An enlarged ver- 
tical section of the lower end is shown at I, Fig. 38, 
See also Fig. 37, where is shown t!.e arrangement for 
the beam to enter the opening in the lower part of the 
upright, as described a iew pages back. 

Floor beams of wood or iron may be suspended be- 
low the chords by bolts passing down through the 
connecting blocks, or, wooden beams may be in two 
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parts, resttng upon flanges cast upon the upright a^)oift 
^' above the lower end ; the beam timbers being hol- 
^ortred out upon the insides, so as to embxace the up- 
right, in part, leaving a space of 2 or 3 inches between, 
and secured in place by bolts and separating blocks. 

The mode of inserting iron beams by means of open- 
ings in the uprights, has already been explained. 
Lateral X ties, or sway-rods may be inserted by bolting 
to the beams (Figs. 31 and 33), attaching to the inner 
end of connecting blocks, as at d. Fig. 35, or by passing 
through the block between the links and the post and 
beam«eat, in the manner referred to two pages back. 

Diagonal ties of wrought iron, and transverse struts 
pf wroaght or cast ir^n, «/re also required between the 
tipper chords, to keep them in line. Cast iron cross- 
struts may have the web and flange form of sectio*i, 
with shallow sockets at the ends, to admit the oo-nnect- 
iiag bolts at the upper ehord to enter, after passing 
tibrough eyes upon the upper "sway-rods and nuts to 
bold them in place. These sway-rods require turn- 
buckles for adjustment, when th^ extend across on^ 
panel only. But if tire bridge be wide between trusses, 
the rod may extend only from the end of one cross- 
Btrut to the centre of the next, where it may pass 
through the strut, and receive a nutou the end. Thus, 
four rods meeting at the centre of the strut, each 
having its appropriate hole to pass through, all as near 
to one another as practicable, with safiicient space for 
nuts to turn (see a and e, Fig. 89), it forms a conven- 
ient arrangement for adjusting the rods to a proper 
tension, at the same timeaftbrding lateral steadiness to 
the cross -strut. 

The end-most struts, however, should have no rodB 
conaecting with them in the centre, as they can have 
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no BDtagoniat rods on the opposite sides to prcvetit the 
Bprioging of the struts. The end panels should have 
two full diagonals with turn-backles, and two half 
diagoauls couoecting with the centre of uext atmt 

Fio. 39. 




In Fig. 39, a shows the middle of the erosft-strat, 
with the upper flange removed ; e.ajoint of the upper 
chord, where the connecting bolt passes transversely, 
reeeiviijg eyes of sway-rods, and not, and entering the 

end of the strut at d ; the upper part of the strut being 
removed, down to the socket. The bolt bears ufon a 
slight swell in the bottom of the socket, to ensure a 
central thrust : (see also, b, Fig. 38). At e is presented 
a side view of the centre of the strut, showing the ar- 
rangement of the holes. 

A similar device has been used with good effect for 
giving lateral support to posts or thrust uprights, of 
the web and flange form, so proportioned as to have 
greater stiflheas transversely than lengthwise of the 
truss. 

It has been demonstrated that the weight sustained 
by those posts, increases toward the ends of the truss, 
while the tension of counter diagonals runs out to 
nothing, a little way from the centre of the truss. For 
instance, 4/6 Fig. 18, sustains Qio" — l^w', which is a 
negative quantity whenever w is leas than iw', that is, 
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when the greatest movable load is less than four times 
the weight of structure, as is usually the case. But 
instead of dispensing with that member, and other 
counters on the left, they may be made in two pieces 
each, off or f iron, connecting with the upright at 
the crossing by screws and nuts, in the manner above 
described ; thus preventing the uprights from deflect- 
ing lengthwise of the truss, where the greatest weights 
act upon them, and where otherwise, they would re- 
quire to be heavier. 

General Transverse Support. 

CXXI. The system of cross-struts and diagonal ties 
serves to preserve the upper chords in line, but does 
not prevent the whole structure from swaying bodily 
to the right or left ; a result which would be fatal to 
the structure. 

In the arch truss Fig. 27, the width of base at the 
bearings upon abutments, resulting from the peculiar 
form of the arch, affords the required stability in this 
respect. 

In case of the trapezoidal truss, when high, various 
devices have been resorted to for producing the 
same results. For deck bridges, cross tying between 
king braces at the ends, is an easy and efficient means 
of accomplioLing the object. For through bridges, 
guys from the ccnnectiLg bolt at the elbow of the ob- 
tuse angle, anchored in the abutment, may be em- 
ployed. But this reouires extra length of abutments 
and piers, and the .'-^iftcts of change of temperature, 
are, to tighten and slacken the guys, so as to impair 
their efficiency. 

To obviate the latter objection, double acting guys 
(acting by thrust and tension), applied at one side only 
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©f the bridge, have been employed: the effect (St 
temperature being only to very slightly f(way the 
bridge laterally, bat not so as to be detrimental to sta- 
bHity. This also^ rec. -ires 5 or 6 feet more length o4 
pier, than v^hat ic r»f * » ?sary to bear the vertical preft- 
mire. 

Again, the king traces have been made with twb 
branches diverg'ng fronr the elbow to a base of 2o^' 8 
feet in width, according to height of truss. This pliitt 
has been used in a large number of bridges, with sa- 
tisfactory results. But it contracts to a small degree, 
the available width af bridge ; not, however, so as to 
produce material inconvenience. 

Another device is^ the introduction of two or mom 
long beams, extending 5 or 6 feet outside of the truBses^ 
say at the lirst thrust uprights from the ends :(as^oVef 
Figs. 3J, 3J, Fig. 18), with guys extending frtifn the 
connecting bolt at the upper chord, to the ends of said 
long beams (see g Fig. 38). '. i. ^\ 

Arches may also be introduced at the ends of thie 
bridge, attached to the king braces, say a quarter ot 
the way down from the top, and with the comiectingbolt 
at the elbow. These may bo made with a full, or an 
open-work web, and flanges of 2J or 2J inch angle 
iron upon both sides of the web, at the top, and around 
the arch, and either angle iron or plain flat bars^ along 
the sides next the king braces. 

A web of ,3g" plates placed edge to edge, an<l l>at- 
tened upon both sides with plates of the same abo^it 
4'' wide, riveted alternately on each siile of the eeam^ 
with angle iron, etc., as above, riveted once in 6", forms 
a stitt'and substantial arch for the purpose under con- 
sideration, such as have been used effectively iii a 
bridge of 100ft. span. 
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Moreover, simple arch bracea extending from the 
kiug brace to a stiff and Bubstautial cross beam from 
elbow to elbow 
~^3n (see Fig. 40), will 
eifect nearly the 
same result aa the 
arch. Ill both 
cases, a considera- 
bio degree of lateral 
stress is liable to 
be thrown npon the 
ig braces, which 
accordingly should 
be strong, or sup- 
ported by truss 
rods, and struts 
opposite the feet of the arch or braces. 

Whether the truss rods be used or not, it is advisa- 
ble that the conneetiou with the king brace be made 
by means of a bolt running througli the whole dia-. 
meter of the king brace, with nut or shoulder bearing 
extlrnaily and internally upon both sides, to counteract 
any tendency to collapse. 

Pig. 40 presents an end view of a bridge, ahowing 
arch braces, with truss rods to sustain the thrust of 
arch braces against king braces. The internal figure 
gives an enlarged view of the connection at the elbow. 
A strap a (about |"x6''), bent twic« at right angles, 
ia riveted or bolted to the tlanges of an I beam 
(about 9" deep), leaving a space of about 4 inches from 
the end of the I beam, for eyes of two sway rods and a 
nut upon the large connecting bolt Tbis bolt in large 
bridges being from 3 to 4 inches in diameter through 
the dhow, is reduced to 2 or 21i inches in the part pre 
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jecting through the strap above mentioned, and the 
eyes of sway rods. 

The truss rods may not be necessary (with substan- 
tial king braces), for spans not exceeding 150 feet. 
But tliey will add to the security, in all cases of rail- 
road bridges having cast iron king braces. These 
members being over twice the length of the cylinders 
in the upper chord, are usually cast in two pieces, and 
connected by bolts and flanges in the middle, where 
they have a diamettr of about j'^ of the length of 
brace, and taper to the size of the upper chord at the 

CXXII. Wrought Iron Thrust Members. 

The trapezoidal bridge, as described in detail in the 
preceding section, and as originally intended, is a 
wrought and cast iron bridge. But it will readily be 
seen that with slight modification of detail, it is easily 
adapted to the use of wrought iron upper chord, verti- 
cal posts, and main end braces ; which latter, for con- 
venience, have been designated in this work, as king 
braces. 

All of these members may be in the form of the 
patent wrought iron column of the Phoenix Iron Co. 
of Pennsylvania, formed of flanged segments, united 
by riveting ; or of rectangular wrought iron trunks, as 
well as various other forms of section. 

For tlie Phoenix column, a cast iron connecting 
piece may be inserted at the joints of the upper chord, 
with ends formed to enter the squared ends of the 
chord cylinders, and receive them against a shoulder 
of the connecting piece. This piece tnay have an 
opening in the under side to receive the diagonals 
and uprights, where they are secured by a transverse 
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eonneeting bolt, in the same manner as at the joint of 
the cast iron chord cylinders, as before described. In 
this case the upright may have a cast iron top piece, 
formed as seen in Figs. 35 and 88 upon the top of cast 
iron uprigiits. A separate top piece bas sometimea 
been used with cast iron verticals. 

Fia. 41. 




The connecting piece may also be formed as indi- 
cated in Fig. 41, with a downward branch like pro- 
cess to meet and receive the squared end of the vertical 
in the same manner as the horizontal part connects 
■with chord cylinders. In this case the connecting 
piece must have openings aa at 66 Fig. 41, for the eyes 
diagonals to enter. 

Fig. 41, shows an inside view of the joint piece, as 
it would ajipearir cut vertically and longitudinally, 
and the near half removed. The hori7,ontal part con- 
sists of a cylindrical shell a little thicker than the 
wrought iron chord cylinder, with ribs upon the out- 
side corresponding with those of the wroiightcylinders, 
and as shown in end view c. Upon the inside, the 
ring and flanges a a, project inward, leaving usually a 
apace of about 5 inches (according to dimensions of 
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bridge), for eyes of diagonals. These are to ease die 
lateral strain of the connecting bolt or pin. 

The proces-s meeting the vertical, may be rectaDga* 
lar in horizontal section, composed of two parallel flat 
plates, in form as may suit the taste of the d^igner, 
united by two irregular plates formed to the profile of; 
the parallel plates. The openings for diagonals, are, of 
course, through the irregular plates. These are drawn 
in at the bottom. so as to form a square with the paral- 
lel sides, large enough to cover the flanges of the 4 
segment column selected for the upright. See Fig. 41. 

The inside of the square rf, is filled in to form a hol- 
low round, about an inch less in diameter than the 
hollow of the column, that it may have a ring or collar 
(represented by the inner white ring around </), project- 
ing about 2 inches beyond the shoulder into the wrought 
iron column. 

On the top of the joint piece may be an arrangement 
of oblique holes for the attachment of lateral x ties, 
and on the inside, fiieing the opposite truss, an abutting 
seat for the cross-strut, which mav be in the form of a 
6" I beam, or such other form as may be preferred. 

The foot of the post may stand upon a properly- 
formed seat upon the connecting block of the lower 
chord, with an opening to receive the beam, in the 
same manner as described for the cast iron post. See 
Fig. 37. 

It will be necessary ror diagonals to pass through the 
centres of uprights, and for that purpose 10 or 12 inches 
in length, as may be necessary, ma\^ be left out of two 
opposite segments, and the strength thus lost, restored 
by additional metal, in such form as may be found con- 
venient and efficient. Or, a cast-iron middle piece may 
be inserted in the upright. 
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In the case of an upper chord of rectangular trunks, 
Tand uprights of other than a cylindrical form, the joirtt 
piece will be correspondingly modified. 

The position of diagonals may be reversed, connect- 
ing by an eye with a wrought cylindrical connecting 
pin at the lower chord, and by screw and nut with the 
joint piece of the upper chord. This involves merely 
a question of practical econoiny and convenience. 

Sometimes, also, the connection is made by an eye 
at both ends of the diagonal, depending upon accuracy, 
as to length, in the manufacture, for the proper ad- 
justment of parts. It is also practicable to provide 
means of adjustment in the length of vertical members. 

CXXill. But, to enumerate all the changes, anii 
peculiarities of detail admissible in the construction of 
the Trapezoidal Truss Bridge, even if practicable, covttd 
hardly be regarded as expedient in this place. The 
essential requisities are, to provide material enough ^f 
good quality in all parts, to withstand the forces to which 
they are respectively liable, with efBcieilt connections 
of parts, by the most direct and simple means, and with 
snoh an arrangement and adjustment as may produce 
the most uniform degree of strain upon all parts tff 
each member. For instance, ecah section of the lower 
chord is usually composed of several bars, and it is im- 
portant that each should sustain its proportionate share 
of the stress. 

In the link chord composed of two links to each 
panel, if the links be properly fitted, the two sides of 
each must act very nearly alike, while the connecting 
block acts as a sort of balance beam to equalize the 
tension of links acting upon its two ends ; and, if the 
two links of a pair vary slightly in length, the conneotp 

28 
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ing block still secures equality of stress upon the two. 
The same is the case with regard to a chord composed 
of two eye bars instead of liuks, to each panel. 

But the serious mistake is sometimes committed, of 
putting the two links or bars upon the same side of 

those in the succeeding panel. 
Fig. 42. ^s in Fig 42 ; where it is ob- 

vious that the inside Huks (a, 
2 b, c), are exposed to more ac- 
tion than d, e,f. 

For, if the inside links be 
8'', and the outside ones 4'' from centre of pin, since 
a and b tend to turn the pin in one direction about its 
centre, and d ande in the opposite direction, the forces 
being in eqnilebirio — the moments (with respect to the 
centre), of forces tending in one direction, must be 
equal to those of forces tending in the opposite direc- 
tion. Hence, representing the stresses of the several 
links by the letters designating them respectively on 
the diagram, we have 3 X (a + 6) = 4 x (<i + f), whence, 
a + 6 = I (^d-^ e); showing J more stress upon the in- 
side than upon the outside links. 

On the contrary, if the link e, be removed to e' upon 
the inside of ^, then d and e' act in one direction, and 
a and 6 in the otjier; and, assuming as before, the 
inside links to be 3", and the outside ones 4" from 
centre of pin, we have 4a + 36 = M + Se', But a -{- d 
= 6 + e', and if the force be connnunicated at the ends, 
equally upon the two sides of the chord, giving equal 
stress upon a and rf, for instance, the tendency is to an 
even balanced action throughout the length of chord. 

Hence the two links of each panel should always 
act upon the connecting block or pin, at equal dis- 
tances from centre of pin. 



Multiplex Chords. 



219 



Multiplex Chords. 

CXXIV. In very long or heavy bridges, the required 
amount of chord section in the middle portion of the 
truss, is so great, that it is deemed expedient to intro- 
duce more than two links or eye bars to the panel. 
This is sometimes done by alternating them upon the 
conneelirjg pin, increasing the number and sizes ac- 
cording to the increase of stress from panel to panel 
toward the centre. 

This mode of construction, unless the bars be ar- 
ranged and proportioned with almost impracticable 
care and nicety, is liable to be attended by an accumu- 
lation of lateral strain upon the connecting pin, beyond 
what it can bear without bending, or springing so much 
as to Triaterially disturb the equality of stress upon 
the links, or chord bars. 

Fia. 43. 




To illustrate this subject, let Fig. 43, represent one 
quarter of the chord of a 16 panel bridge. The line 
CC may denote the central axis of the chord running 
through the centres of connecting pins ; D, at a dis- 
tance of, say 8'' from C, the line in which the diago- 
nals act upon pins, and the other parallel lines at 
intervals of 3" from D, and from one another (see Figs. 
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tn right band of diagram), the centres of thickness of 
(inks, at which points the action of respective links 
IS supposed to be concentrated upon the pins. Also, 
let a, 6, c, etc., represent the panels of the chords. 

Now, if 15W, or 16, represent the stress upoii the 
cTiord in the two first panels, a and 6, that of the suc- 
ceeding panels to the centre, will be as 22, 34, 44, 52, 
58 and 62 (see lower figures in diagram), and the dia- 
gonals (producing increments of action upon chord), 
will have a horizontal action represented by 7 in piainel 
6, by 12 in panel c, and so on by 10, 8, 6, 4. These 
being added successively to 15, produce the numbei^a 
just statecl for the chord in the several panels. 

The first three panels, ajb and c, require only one link 

.upon each side, as indicated by the oblique black lines. 
The 4th panel, rf, may have 2 links on a side, and the 
most favorable position for them, as regards action 
upon connecting pins, will be as shown, diverging 
from the central axis, so as to bring the end toward 
the abutment, nearest to the main diagonal connecting 
with the same pin. 

The first pin, connecting a and 6, having two equal 
forces acting in opposition, but at different distances 
from the centre line C, we take the moments of these 
forces with respect to that line ', which are, for a, 
15x14=210, andforA, 15x11=165. The difference (45) 
between these moments, equals the moment of the 
resultant, or the lateral stress of the pin, exerted on a 
leverage of ' . 

Assuming the value of W, our unit of stress (and 

always understood as annexed to the figures denoting 

stress), to represent 5,000Ibs. we have for stress of pin 

'in this case, 45 X 5,000-»-L. The L, being V may be 

'oinitted in the expression. 
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Tiien,makiiiga:«diameterofpin,itsre8i8tingpower=« 
^k4,600 (see [xcviii])= .785x* xxx 4,500 -^ 1"« 
S^532.5a:^.; and putting this equal to 45x5,000 (the stress 
above found), we obtain a;=4" (very nearly},=8require4 
diameter of pin. 

At the next pin we take the moments of one link 
15xl4"=210, and one diagonal, 7 x8"=56, making 26^ 
in one direction, against that of one link, 22xlV=» 
242. Hence the resultant moment = 24, and 24 X 
5,000=3,532-53::*, gives the required diameter of pin hi 
the centre^ x=3J', nearly. But this is the general 
stress in the portion of pin between diagonals, and 
may be greater or less than at certain points where 
forces are applied. For instance, if the aggregate 
moments of forces in opposite directions be equal, the 
resultani moment is nothing, and the middle portion 
of the pin, between diagonals has no stress, and might 
be cut; out and removed, as far as strength of chord ia.« 
concerned. In the case in hand, the moment of link 
by with respect to link c, equals 15"x3= 45=sstres8 o|. 
pin at centre of c. Hence the required diameter at 
this point is found by the equation 45x5,000=3,532.5 
X3^, whence a:=4", the same as pin No. 1. 

At the next pin, if we add another link, making ^ 
links sustaining 34 W, at an average of 14^' from centre, 
giving a moment of 476, against one link, 22x14, + 
one diagonal 12x8 = 404, we obtain a resultant mo- 
ment of 72; whence, 72x5,000 = 3,532.5a:', and x =» 
4.67 inches, = required central diameter of pin, and as 
will be readily seen on trial, the greatest required at 
any point. 

Again, assuming at the 4th pin 2 links and 1 dia- 
gonal against two links, we have for the former, 
34x17^'+ 10x8 = 658, and for the latter, 44x14=4 
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616, whence the resultant moment is 42. Therefore 
the equation 42x5,000 = 3,532.5:z:*, give8a: = 3.9 inches, 
•= required diameter in centre, while for the outside 
link on this pin, the stress, 17, multiplied by 3 shows 

a moment of 51. Hence, x = ^(1|!^^) = 4.16 inches 

« required diameter at that point. 

At the 5th pin, there are 3 links, against 2 links and 
one diagonal, giving moments for the latter, 44x17 h 
8x8 = 812, and for the former, 52x17 = 884; whence 

the resultant moment = 72, and x = ^(T42<_2^)= 4.67 
inches. 

The moments at pin No. 6, are, for 3 links, 52x20, + 
(for diagonal) 6x8 = 1088, in one direction, and for 3 
links, 5 8x17 = 986, giving a resultant of 102 ; whence, 
x==Mi^p) = 6.24. 

Lastly, adding another link at the 7th pin, the 
moments are 58x20 + (for diagonal) 4x8, = 1,192, 
against 62x20'' = 1240, whence the resultant is 48, 

In this case tlie eyes, or link-ends are supposed to be 
bored in the direction of the pin, a little obliquely to 
the direction of the link, so as to bear through the 
whole thickness, as long as the pins remain perfectly 
etraiiijht. But the pins having a degree of elasticity, 
and considerable length, must yield to the action of 
links, springing more or less in the direction of the 
greater sum of moments. It will be seen, moreover, 
that in each case, the consecutive ends entering the 
outside link, as 3 and 4, 5 and 6, &c., are always sprung 
toward one another; the inevitable result of which 
must be, a relief or relaxation of the outside link, 
whence it must sustain a less degree of strain than its 
fellows located farther from the ends of the pins. 
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Now, as a 12 foot link, under a stress of 10,000fcs. to 
the inch is extended less than :j-^ of a foot, a slight 

springing of connecting pins would relax the outside 
links materially, especially when the pins tend to spring 
toward one another. 

Again, if the links run parallel with the centre of 
chord, and at right angles with the connecting pins, 
as indicated by the double black lines (Fig. 43), the 
moments of forces upon — pin No. 5, for instance, will 
be — for 3 links acting toward the right hand, 44 X 
17 + (for diagonal) 8x8 = 812, against 3 links acting 
toward the left, with moments equal to 52 x20 = 1,040, 

showing a difference of 228 ; whence :r=^(??|^|^) «= 

6.85 inches -= required diameter of pin at the centre. 

At pin No. 6, are 3 links with a combined moment 
of 52 X 20, + (for diagonal), 6 X 8, =» 1076, against 3 
links with a combined moment of 58 X 17 = 986, show- 
ing a difference of 90; consequently, z = ^{^^,^'^'T^) = 

5.03 inches =>= required diameter of pin. 

Such would be the result as to stress and required 
diameter of pin, provided the pin remain perfectly 
straight. It is true that the spring of the pin in the 
direction of the greater moment, or sum of moments, 
will, in practice, produce an obliquity in its direction 
through the eyes, which will throw the centres of bear- 
ing upon the pin, nigher to the adjr.c>3nt sides of the 
eyes; and thus reduce the difference of opposite mo- 
ments, and consequently, the stress upon the pin. But 
such relief to the pin must be attended with a disturb- 
ance of the central and uniform strain of the chord 
bar : the strain beine: brousrht near one side of the bar. 
Moreover, as this can only result from actual springing 
of the pin, there must inevitably be a degree of relaxa« 
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tion of the outside link, whenever the pins at it^ two 
Oids are deflected toward one another. On the. con* 
trary^ an outside link or bar connecting with two pina, 
VQjiuging from one another, is necessarily subjected to 
greater strain than those nigher the centres of pins, in 
tbe same panel. 

In this case, the forces tend to spring the pins toward 
one another at the ends, whence the outside Uok; nausi 
Qufler more or less relaxation. 

It seems unnecessary to carry these examples further. 
The above results show a decided advantage in the ob-. 
liq^ue position of links, diverging toward the centre of 
the span, so as to have the inside link opposed to the 
diagonal. 

The arrangement of links, or eye bars, here assumed, 
and the amount of stress assigned to them, are no ex- 
aggeration upon what has been put in practice. But 
the preceding calculations must be sufficient to demon- 
strate the exceptionable character of such practice. 
Two links upon a side (4 to the panel), after two or 
three panels next the end, so thin as not to occupy 
an unnecessary length of pin — each taking hold of 
the pin outside of the succeeding one toward the cen- 
tre of the truss, may be admissible. But a greater 
ttumber, in the opinion of the author, for reasons al- 
ready given, is not to be recommended. 

Double Chord. 

CXXV. To obviate the difficulty attending the use 
rfthe multiplex chord, consisting of many links in ^ 
panel, we may make use of what may be distinguished 
as a Double Chord. 

Wo have seen [lvi], that in double cancelated trussen 
with vertical members, there are two independent se^ 



Different- Modes of Construction. 225 

of diagonala and verticals, which have no interchange; 
of action between one another. Now^ each of theso 
8|etS:iaay have its own lower chord, also acting in de- 
^poijid^ntly, each of the other, but uniting at the same 
point at the foot of the king brace, which is coinmoa 
to both sets of web members. 

In such case, the two chords (which we may call sub- 
chords)^ may be one above the other, and composed of 
links or eye-bars, extending horizontally across two 
panels; the links or bars of one sub-chord connecting 
opposite the Qentre of those in the other, and the up- 
rights in one set, being as much longer than those in 
the other, as the distance, vertically, between the up-? 
per and lower sub-chords. 

By this means, about one-half of the extra material 
in chord connections would be saved; and a more uni- 
form stress upon the chord bars secured, than would 
b^e practicable, even with 4 links acting upon one cou- 
i\ acting pin. 

Petached, and Concrete Plans of Construction. 

CXXVI. In the plan of Tropezoidal truss had under 
consideration in the last few preceding sections, the 
several members are formed in separate pieces, to be 
erected in place, and connected by screws, bolts, con- 
necting pins, &c., as the parts of wooden bridges and 
l^uilding frames are erected, after being framed and 
prepared, each for its particular place. 

There is another mode of construction, in which 
members and parts of members are permanently riveted 
together in 'place; or, in case of small bridges, the 
whole structure is permanently put together at the 
inauufactory, and transported by water or rail to the 
place of erection and use. The former of these may 
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bo called the detached^ and the latter, the concrete mode 
of oonatruetion. 

The detached plan 13 probably the best adapted to 
wrou*::ht and cast iron bridges, and also, at least, equally 
adapted to bridges entirely^ or essentially constructed 
of wrought iron, when vertical thrust uprights are em- 
ploy oil. 

But it can hardlv be res^arded as advisable to con- 
struct iri>n bridges with independent members, withoat 
thrust verticals. For, although as we have seen, [xlvl] 
the latter plan shows a tride less action upon the ma- 
terial than the plan \cilh verticals, the oblique thmst 
members in the web, are 40 or 50 per cent logger (ac- 
corvlin^ to inclination), as well as being ia greater 
iium Wr, and sustaining loss average actioo to the piece. 

The 7 panel truss* Fig. 12, has 4 compressioa verti- 
eals* Uab*e to an average aetion of S^r" ; wLiIe 
Fig. 1^^* h;4S u^n less :::an o d:;ig>:ials, Ii-al-'e t:> 
avera^^ v\^:ui>r\^ss':-^:: v>:"4.-'* <v^« -vlv-: :ir :n:ll:.i:i:::: 

mo:u>ors >:?: :g o^er 4? rer .>rr.: *>--:^rr, ir. 1 si5*iiz.- 

ir.3: o::N~ ;i^loj: :l:o siuie a^;^':^^^:'^ j"..: i": :: i:rl:c« 

VvJu*'^ — ^-^^ ~* r -* ** ^ ~* A-^- -- — ~ ^^vi r r*:*. _ — ~ rt 

* ■«• ■"■_ ■""• - -»■ 

T:: -^ss<: "J :•: : i.r. 'i-?^ : :»f ::s£"~.r i.^"r. :»f:?v'itf^ 

1» 1 i '1 * ••" *' ^ '^ ^ * * ■* ' - - •■* I ,^^ 
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to which they may be exposed, to see that the forma 
of diagonals liable to compressive action, be made 
capable of withstanding such action, according to the 
table of negative resistances [xciii]; and, that those 
liable to a change of action from tension to compres- 
sion, and the contrary, be formed and connected in such 
manner as to enable them to act in both directions. 

CXXVII. In the concrete, or rivet work plan of 
construction, the Trapezoid without verticals may, it 
is thought, be generally adopted wkh advantage. 
Upon this branch of the subject, however, but little of 
detail will be attempted at this time, the author having 
had very little direct practical experience h. the pre- 
mises. 

The first point to be attended to, of course, as in all 
cases of bridge construction, is, to arrange the general 
outline and proportions of the truss ; that is, the num- 
ber of panels, and depth of truss suitable for the par- 
ticular case in hand. This being done, the amount 
and kind of force, whether thrust or tension, to which 
each partis liable, should be determined; for which 
purpose, the value of lo, and of w?' (the variable and 
constant panel load for the truss), must be assumed, or 
estimated according to the best data at command ; 
when the stresses of the several parts are readily ob - 
tained by process already explained; [xliv, &c.]. 

We are then prepared to assign the requisite cross- 
section to each part, ajid to adopt a suitable form of 
bar, or combination of bars and plates, for each mem- 
ber. Thrust members will usually (if long), be formed 
of several parts, mostly flat plates, angle iron, T iron, 
and channel iron, united by riveting in such form of 
crosa-section as may give the largest diameter practi- 
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cable withoat too mach attenaatioa of the thickneas 
of material, a poiut apon which no certain rules can be 
given. 

Flat plates, when connected by riveting at theedges^ 
may be of a width of 30 to 40 times the thickness per- 
haps, withoat liability to " buckle" under reasonable, 
compression. When riveted along the centre, a width 
of 12 to 20 times the thickness, will be in better pro- 
portion. 

"Uppbr Chord. 

CXXVnr. a good upper chord may be made ia 
rectangular, or box form, of flat plates and angle iron ; 
or, for small bridges, of channel iron, with flanges, 
either inward or outward, upon the two vertical sides, 
with flat plates upon upper and under sides ; the upper 
riveted, and the lower one either riveted, or put oa 
with screws, tapped into the lower flanges of the 
channel bars. 

The upper plate, when flanges turn inward, may 
project half an inch, or au inch, and the lower one, 
come evLMi with the sides. The channel bars should 
meet at the nodes, or connecting points, and a splice 
plate covering the joint may project below the chord 
far enough to form a connection with diagonals by 
riveting. (Fiij. 44). 

Diagonals acting by tension only, may be plain flat 
bars of wiJth from 8 to 10 times the thickness. Those 
acting by thrust principally, may be of T iron with, 
short diagonal bars riveted to the mid rib, {e Fig. 44), 
giving a width corresponding with that of the uppef: 
chord, or with the space between tension diagonals, 
so that the latter may be riveted to the cross-plate o| 
the T iron at the crossings, to give lateral support to 
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the thrust members. Aiigle iron may also be used in- 
stead of T iron, in these members. 



) i: 


:k^ I 


/ o o 

j O O /^ 


O O \ 

"^ o o 1 


^ 




/ 

\ 


^ 




O 


J ° ® 

o o 




1 


o 
O 


T o 6 

o 1 o 


.( 




Diagonals acting by both thrust and tension, should 
be formed and coiioected with reference to the forces 
they are liable to. 

Tor small bridges, small plain I bars may be used 
for thrust diagonals with advantage. 

In all eases of tension, rivets should be so arranged 
when practicable, as to leave all the section available, 
except the diameter of a single rivet hole; that is, 
EC section through two or more holes, including the 
one farthest from the end, should have less area than 
a squa*e section through one hole, [cxvii, Fig. 31.] 

in Fig. 44, a, a. &c., represent tension diagonals, of 
plain fiat bars, with cross-section proportioned to the 
fltreas in each case ; 6,6 — thrust diagonals of T iron 
and short diagonal plates, as eeeii at tr ; c, e, the upper, 
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ana rf, tbe lower chord ; the dotted line j\ shows the 
meeting of lower chord plate", about 4 inches toward 
ttc abutment from the poin. of meeting of the several 
cencres of chord and diagonals The side plates of up- 
per chord may meet at the centre of the node, or con- 
necting point. 

The upper splice plates are of irregular form (or, they 
may be cut on a regular slant from upper to lower 
angle), but such as to cut without waste of iron. They 
may be clipped out upon the under side, as by the 
curved line, or not, as may be preferred. 

The lower splice plates may be rectangular, and of 
such length and width as to admit of a sufficient num. 
ber of rivets, properly arranged, to be equal in strength 
to the net section of chord plate and diagonals. 

It is scarcely necessary to repeat, that rivet section 
connecting two thicknesses of plate only, should exceed 
the net section of plate by as much as the direct tensile 
strength exceeds tiie shear-strength of iron. 

Lower Chord. 

CXXIX. The following plan of a flat plate bottom 
chord adapted to a connection of diagonals by connect- 
ing pins, is transcribed from the author's former work ; 
and, by widening the splice plates, as in Fig. 44, is 
equally adapted to the concrete mode of construction ; 
L e,, by rivet work. 

Tiio plan contemplates each half chord as composed 
of two courses of plates (except near the ends), spliced 
alternately, one at each node so as to *' break joints." 
The two half chords are to be placed at such distance 
apart as to accommodate the connections with dia- 
gonals, and with uprights, when used in connection 
with uprights. 
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For a 16 panel truss, as arranged in Figures 18 and 
19. Suppose 10 =» 12m (/n representing l,0001bs.) ; m?' =» 
4m, and W == 16m., ==7v + lo' ; — diagonals (except the 
steep ones), inclining 45®. 

The end brace, then, sustaining 7iW = 120m, [lvi], 
produces tension equal to 60m, upon the first and 
second section of chord, in Fig. 18, the proportions for 
which will be here considered. Allowing then, 10m 
to the square inch, each half chord requires a plate of 
about 8" hyjW up to the second node from tlie end. 

This plate may extend — say within 8" of the centre 
of the connecting pin at the 2d node, where it may be 
connected with a f" plate, by two splice-plates about 
2)" long (see A. Fig. 45), with a net section equal to 
the /g" plate, or, say J" thick. Fig. 45, exhibits a 
disposition of rivet and pin holes, at A, so arranged as 
to preserve the full section of plates, less the diameter 
of a single 1" rivet hole. 

Or, the splice-plates maybe 7" shorter, and J thicker, 
and the two rivets next the joint (j), on either side, 
opposite one another, as at BB, Fig. 45; thus giving 
the same section (of splice-plates), through two opposite 
rivets in the thicker, as through one rivet in thinner 
and longer splice plates. In this case, the joint should 
be 4J" from centre of connecting pin (;?), and a little 
more, when the rivets exceed V in diameter. 
• At the third node, an increase of section is required, 
and a §-" plate may be added on the inside, hipping 9 
or 10 inches back of the pin, with a J" splice phite of 
the B pattern to balance the extra incli in width re- 
quired for opposite rivet holes, and a 2" pin hole. 

The inside plate continuing past the next, or 4th 
node, the ^" outside plate may be met by, and spliced 
to a^" plate, in either of the modes indicated by A and 
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T'. 7:2, 45- Or. t'jlh B. theoatsiJe spik-enlate sbonld 
h at !ea.*r J" t^iek. an*! the inskle one, 1*^". In this, 
a^ la '^^her cs«ea where a thiaaer plate meets a thicker 
0!»e, the former i§ to be firred oat to the thickness of 
the latter. 

At the 5th n*>ie. the '>Gt5iie pfcite may continue, 
wfc»le the inr.de one is sncceeiled bv a f"' plate, with a 
1^' «pliee-p{ate in-aide. and one of y',^' thickness open 
the Ofitiiide ; spHce-pIates in all eases being intended 
Uf be npon the oat«ide. and not between the two conrses 
of plate?j forming the half chord. 

The same general process being continaed, each 
coai^e being spliced at alternate nodes, and breaking 
joints with one another, we introdace in the ontside 
coarse, a 1" plate from the 6th node to the centre 
of the chord, and a f plate from the 7th node, past 
the centre to the 9th node, and so on, with a reversed 
order of succession to the other end of the chord. 

The two r' plates in the outside course, should meet 
at the centre connecting pin, and all other joints should 
>e a few inches from the pin, on the side toward the 
end of the chord, as in diagram, Fig. 45. 
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Each pair of splice plates should have a minimum 
net section, to^^ether with the net section of the con- 
tinned plate, at least equal to the sections of the con- 
tinued, and the thinner spliced plate, through one of 
the snrialler rivets used in the splice; and the relative 
thickness of the two splice plates should, as nearly 
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as practicable, be inversely as the respective distanced 
of their centres from the centre of the spliced plate. 

For illustration ; at the 6th node, the eontinuoad 
plate is I", and the thinner spliced plate J", making in 
the two, a thickness of IJ", by 7'' for the net width ; 
giving a section of lOJ square inches. This splice re- 
quiring IJ" rivets next the joint, to give the necessary 
rivet section, the net width of splice plates and con- 
tinuous plate through two opposite IJ^' rivets, is only 
5J". Consequently, the aggregate thickness required 
to give lOJ square inches, is about 1.91" ; and, deduct- 
ing 0.625" for the continuous plate, we have 1.285*' 
for thickness of the two splice-plates. 

Then, representing thickness of spliced plate by # 
(disregarding the furring plate, or including it in tfa« 
quantity a), that of the continuous plate by 6, that of 
the two splice-plates by c, and that of the thicker Qpe 
by a:; we form the following equation, as will be ob- 
vious on reference to Fig. 46, which is an edge view 
qf splice at node 6. 

xxi (a+x) = {c — x) X (b+i (a+c—x) ; whence, the 
formula x^c x {a+2b+c) -5- 2 (a+h+c). 

This formula applied to the case represented in Fig. 
46, gives X = 0.7804", and c—x = 0.5046". 

Fig. 46. 



The letter a in the diagram shows the splicing of a 
1" with a J" plate, the thickness being equalized by a 
furring plate. 

Figure 46 gives also, a general idea of the splices pro- 
posed for this kind of chord, in case of the adoption of 

30 
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tb^'- short splice plates and opposite rivets, as seen at 
BB, Fig. 45. p indicates the connecting pin (which, in 
the concrete plan of construction should be replaced 
by two opposite rivets, as seen in Fig. 44), having a 
cross-section in the parts passing through the chord 
plates, about equal to that of one of the two main dia- 
gonals connecting with each pin respectively, at the 
several nodes. 

The body of the pin between chord plates, should 
have lateral stiffness enough to withstand the stress 
produced by diagonals horizontally, estimated upon 
the principles of the lever, which will be greater as the 
distance of diagonals from chord plates is greater, and 
the contrary. If the bearing of the upright upon the 
pin be between the diagonals and the chord plates, as 
by a bi-furcation like that at the upper chord (see a 
Fig. 38) the body of the pin will usually require t. 
section about equal to that of the two main diagonals 
connected with it. But this is no certain rule. 

The ends of the connecting pin should extend through 
the chord plates so as to receive a thin nut upon each 
end, and also the eyes of sway rods upon the inside 
end, in case that mode of connection be adopted for 
thooe parts. 

In the case of trusses without verticals constructed 
in rivet work, the best balanced action will be secured 
by connecting diagonals between the splice plates, by 
means of rivets through both, thus bringing each dia- 
gonal bar directly over each half chord, and])roducing 
uniform stress, as nearly as is practicable. When dia- 
gonal bars do not fill the space between splice-plates, 
the deficiency may be made up by furring plates, or 
thimble rings. 
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Tension diagonals will usually require from 25 to 38 
per eeqt of extra section to make up the loss in rivet 
holes. In thrust diagonals, no allowance need gene* 
rally be made for rivet holes, as rivets properly distri** 
buted, will not impair the efficiency of the member ia 
withstanding compression. 

With regard to the relative merits of this kind of 
lower chord, it requires, in the proportions above as- 
sumed, namely, 8'' width of plates and 1" diameter of 
the smaller rivets, about 14 per cent of extra section 
on account of rivet holes, through the whole length. 
For splice plates and rivers, at least an equal amount 
should be allowed, making 28 per cent for waste ma- 
terial, over and above the net available length and 
cross-section. The corresponding waste in the link 
chord, and in the eye-plate chord [cxiv], can scarcely 
exceed 10 per cent, when the connections are made 
with wrought iron pins. 

Hence, the advantage as to economy of material, 
seems decidedly in favor of the latter plans ; and the 
cost of manufacture can hardly be estimated in favor 
of the former. I.f the riveted chord, then, have any 
claim to favor and preference, it is mostly owing to 
the fact, that being manufactured cold, it escapes the 
deteriorating effects frequently resulting to iron in the 
process of forging and welding, and the risk of flaws, 
and imperfect cohesion of the welded surfaces. 

How far this consideration should be regarded as an 
offset, or an overbalance to 15 or 20 per cent, of ma- 
terial lost in rivet holes and splices, further experience 
and observation alone can probably determine. 
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»fx^<^it to (/r^/ri<l^ <srr^' bridge fJBpE^sira^ciri* 
fcrid w<; ifdr^An^M ^Jrt^j^iti j/ixr^jt ziid nezn\»sT^ fir- tSaS 

^/T'/// r6<fe, hfrroJ, ik>,^ f/r l/tt/frol ^/ro/:^:^,. B^t n? irr*3.Tt 
l^iij ^v^;r b^^^rn tftixfhtf to th^; anth''»r5 know!r-ir?, to 
j/oifit on*, tfi^; ]>ro\f<*s y^vAh* and prof^ortio::? of scrii 
Xiii*M\hitT%^ \\\)CfU any d^;t/;rrninate principles or deta- 
in till**, r<:H\ff*M, raW'dXK'M ba« mostly been f»^acel npoo 
•^jnd^nent/' and gen^^ral observation as to precedent 
and common practice ; a'^ wa-j the case in feet, with 
fcz/Hrd to bridge construction generally, until wiihin 
tbe laHt twerity-five or thirty years. Within this 
period, and hi nee the extensive use of iron in bridge 
conHlrn^rtion has lieen introduced, more attention has 
been ^iveti to Hcientific principles, in adjusting the pro- 
[)ortionH <d'tlie Hcveral parts and members designed to 
witliHtand the eff'ectH of vertical pressure. 
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The modern bridge builder, if he has bcfen ptopfeHy 
educated for his business^ having arranged the outline 
of his truss, makes his computations^ and marks upon 
each line of his diagram, sd tnany thousand pounds ot 
tension upon this^ so many tons of compression^ upon 
that^ and ^o much shear strain, or lateral strain upon 
each rivet^ connecting pin, or beamj and assigns trt 
each place a member containing stich an amount, and 
such a kind of material, as experience hds prdved td 
be sufficient td siistd-in the given stress with Safety. 

Thus far, his course is scientific and sensible. But ill 
arranging his systeitl for securing lateral stability and 
steadiness, science can lend hirn but little jlssistancei 

He knows the wind will blow against the side of hl§ 
structut'e ; but whether with a liiaximum force of on§ 
hundred pounds^ or tts tnany thdusand^^ he hfts ha 
meatis of knowing with any cotisiderabl^ degree ot 
certainty, or probability. 

He knows, furthermore, thdt evet^y deviation fborti a 
straight liiie by ^ bddy passing dver and upon a bridge, 
even to changing the weight of a pedestrittti from dnd 
foot to the other (unless his steps be diredtly in front 
df one findther^ aiid this could hardly form an excep* 
tidn), la ktteiided by tnore or less tendency to lateral 
sWajnhg of the structure* 

Every inequality in the lino of A fail tdad tracks 
laterally or vertically^ unless both rails have precisely 
the same vertical deviation, produces a transverse mo* 
tidn in the centre of gravity of the load, fend conse- 
quently a lateral sway in the structtirei The passage 
of a carriage wheel over a stick or a pebble^ rai<!iiiig' 
one wheel above the opposite one, changes the centri 
of gravity of the load to the right or left, and impels 
the structure in the opposite direction^ 
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These are some of the external causes generating 
*Tansverse action, and motion of the structure. But 
in addition to these, the upper chord itself, acting by 
thrust, is, at best, in unstable equilibrio, and liable at 
^,11 times to exert more or less transverse action, and, 
"Y not kept in line by an efficient system of transverse 
bracing or tying, will lose its equilibrium, and be de- 
prived of the power of performing its appropriate 
functions in the structure. 

Now, these disturbing lateral forces' are quite small, 
compared with the vertical action upon the trusses ; 
and, the vertical strength of the truss does not neces- 
sarily imply any power of resistance transversely ; the 
tendency of the lower chord to preserve a straight line, 
being essentially balanced by that of upper chord or 
arch to buckle laterally;* provided the chords be so 
iependent upon one another that both must sway to 
ihe right or left at the same time. 

Hence, it is always expedient to provide some es- 
pecial means for counteracting these lateral forces, 
which is usually done by the introduction of a system 
of horizontal diagonal ties or braces (small iron rods 
in iron, and the same, or timber braces, in wooden 
bri<lged), below the track or platform, in the horizon- 
tal panels formed by consecutive beams, and the chords 
of opposite trusses. Also, when trusses are sufficiently 
^ high, diagonals and cross-struts are introduced between 
upper chords, to prevent lateral buckling. 

No attempt will here be made to assign specific 
stresses as liable to occur in sway rods or braces, 
baaed upon calculations from the uncertain and in- 
determinateelementsupon which the lateral action upon 

-r ■ 

* Tli« only tniflfl known to the author, not liable to this lateral buck- 
ling, ifl the Whipple Independent arch truss, shown in Fig. 27. k •, ^r 
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Dridges depends. But, judging from experience and 
observation, it may be recommended that iron sway- 
rods be made of iron not less than f inch in diameter^ 
for bridges of five panels or under, f inch from six to 
ten panels, inclusive. For twelve and fourteen panels, 
f inch for ten middle panels, and J inch for the rest ; 
and, for sixteen the same as last above, with the ad«^ 
dition of a pair of 1 inch rods in the end panels. 

These are the least dimensions recommended (in all 
cases exclusive of screw thread), for ordinary bridges 
with panels not much exceeding 10 foet. For panels 
approaching or exceeding 12 feet, J inch may properly 
be added to the above specified diameters generally. • 

If upper sway rods connect in the middle of cross- 
struts, with a longitudinal reach across two panels, [se^ 
cxx, and Figs. 38 and 39], they may safely be made 
smaller than when they cross one panel only. 

The action of wind is nearly a uniform pressure from 
end to end of the structure, and causes much the same 
progressive increase of stress upon sway-rods, as the 
weight of structure and uniform load produces upon 
diagonals in the trusses — a fact which was recognized 
in assigning larger sway-rods at and near the ends of 
long bridges. But the casual impulses resulting frota 
nuevenness in track or platform, giving slight lateral 
movement to passing loads, and acting at single points 
here and there, this way and that, do not produce an 
accumulation of effect toward the ends. Hence, as it 
regards withstanding the latter forces, no variation in 
sizes of sway-rods is required. 

CXXXI. Sway-rods acting by tension would ob- 
viously draw the opposite chords toward one another, 
but for the resistance of transverse beams or struts. 
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#hi1e they also exert a longitudinal action lipon the 
ehords, thereby increasing or diminishing the stress 
Upon chords, dae to the action of straietare and load. 
CSiords, however^ are usually proportioned without 
provision for increase of stress liable to accrue from 
action of sway-rods; and, from the small sizes of the 
latter, as compared with the former, and the obliquity 
of their action, seldom expending more than half their 
direct Stress upon the chords longitudinally, this small 
action may be neglected, as forming one of the con- 
tingencies for which a large surplus of material is al- 
ways provided in chords, over what is actually required 
to withstand the effects of any probable vertical action. 

Certain modes of inserting and connecting sway-roda 
have been previously alluded to, sometimes with the 
blBams by means of eyes and bolts [cviii, Figs. 31 
and 33], and sometimes more directly with the chords 
[exix. Fig. 35j rf, and Fig. 39, d.'] 

The best connection is that which gives the nearest 
approximation to central and uniform action upon all 
parts of the chord, and also of the beam or strut. The 
plan described in section cxx, and seen in Fig. 37, when 
admissible, affords a good connection for bottom sway 
rods. 

Undoubtedly there may be better devices for the 
purpose under consideration, as well as for other de- 
tails, than any that have occurred to the author. But 
jIUch as are herein described have mostly been put in 
successful practice, and are thought not to be seriously 
faulty. 
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COMPARISON OF DTPFEEENT PLANS OF 
IRON TRUSS BRIDGES. 

CXXXII. It is the purpose of this chapter to can- 
vass the relative merits of most of the several systems 
of Ikon Bridge Trussing, which have claimed and re- 
ceived more or less of public notice and approval during 
the last few years ; and of which the distinctive priuci- 
J>le8 have already beeh discussed in preceding pages ; 
though hot in the precise combinations here about to 
be presented. 

We may take the number, lengths and stresses (the 
latter governing principally the required cross-sections), 
df the several loiig pieces or members of the truss, ih 
the manner employed in the fore part of this Work, ad 
aftbrding a near criterion of the comparative cost iand 
economy of the bridges respectively. Th^n, after re- 
ference to such peculiarities as may seem advantageous 
or otherwise, leave the reader to his own (conclusions 
in regard to the relative merits. 

TtB BoLLMAN Truss, Fig. 47, 

is founded upoii the genei*al principle discussed in 
Sections xxii and xxlii, with oblique tension rods, and 
a thrust upper chord, in place of the thrust braces and 
tension lower chord as represented in Fig. 9. 

Let Fig. 47, represent a truss 15' high, and 100' long ; 
6t, in the proportion of 1 to 6f. Also, let w represent 
the maximum variable lojid for each of the points c, d, 
e, etc., and w'(say,= Jw), the permanent weight of 
one panel of superstructure, supposed to be constantly 
bearing at each of said points. Then making W = 
w X w', we have |W = weight sustained by ac, 

31 
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Now, we have seen [vii], that the stress upon an 
oblique iu such ease, equals the weight sustained, mul- 
tiplied by the length, and divided by the vertical reach 
of the oblique ; and, assuming that the member requires 
a cross-section proportional to the stress, it follows that 
(making ab = 1), the amount oi material required in ac, 
will be as the weight it sustains, multiplied by the 
square of its length. Hence, the material required in 
ac, must be as J W X ac^. Then, diminishing be until 
ac coincides with a6, W X ab^ becomes W, which is 
still proportional to the material required in ac (which 
has now become = ab^ = 1), and, being replaced by M, 
representing the actual material required to sustain the 
weight W, with a length equal to ab (our unit of length), 
in a vertical position, we have only to substitute M X 
ax? for W X a(?^ to know the actual material necessary 
to sustain the weight W (at a given stress per square 
inch of cross-section), with any length and position, 
retaining the same vertical reach, equal to unity. 

It must be obvious, therefore, that M, with the co- 
efficient used before W, to express the weights respect- 
ively sustained by the several oblique rods in truss 47, 
will, when multiplied by the squares of the respective 
lengths of those obliques, show the amount.of material 
required in their construction, under the conditions 
above expressed. 

Let m = JM, and h = be. Then, we manifestly have, 
for material in the 14 obliques of the truss in question 
7m(A2+l)+ 6m {W+1) + 5ra {W+1) + 4m (IG/.^+l) + 
3m (25/r+l) + 2m (SBA^+i) + im (49/^2+1) = {ZZW-h 
28)m, for those meeting at a, and a like amount for those 
meeting atZ; making a total of (672A^+56)m. But 
/i2~()694^ which substituted in the last expression, 
gives 522.368m, = 65.296M. 
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The thrust of the chord al^ equals the Iiorizonta. 
action of the 7 obliques connected with cither end. 
Making then x = JW, and h = 6e, = jWc, it is obvious 
that each oblique carries weight equal to x x the number 
of panels not crossed by it, while its horizontal reach 
equals h x the number of panels it does cross. Hence, 
the horizontal action of each oblique, equals hx X the pro» 
duct of the numbers of panels at the right and loft 
respectively, of the lower end of the oblique. 

The compressive force acting from end to end, upon 
al, then, must be equal to Ax (7, + 2x6, + 3x5, + 4^+ 
5x3, + 6x2, + 7), = 84Ax, = lOjWxO.833, = 8.75 W. 

Multiplying stress by length, and substituting M, we 
have 8.75 x 6.66M =» 58JM = material required in f//, at a 
given stress per square inch ofcross-section ; M being the 
amount required for a unit of length (a6), to sustain 
the unit of weight (W), at the same rate of stress. 

Add 7M for two end posts, with length equal to 1 
and bearing weight equal to 7W, and we obtain 65 JM 
as a total for thrust material in long pieces, not includ- 
ing 7 intermediate uprights, not properly to be class- 
fied with other parts, as their action is merely incidental, 
except that of supporting the weight of upper chord. 

The parts above considered, mainly determine the 
character of the truss as to economy of material. 
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Other parts, such as short bolts, nuts, connecting pins, 
Ac, although just as essential, are comparatively, of 
small amount and cost, except the intermediate up- 
rights, which will be referred to hereafter. 

If the truss be used in a deck bridge, and the end 
posts be replaced with masonry, the intermediate^^ 
\i?ill sustain the same weight as the ends sustain in sk 
through bridge, thus giving the same representative oi 
material as above found. 

The Finck Truss, Fig, 48, 

CXXXIII. Possesses several of the characteristidd 
which distinguish the Bollman plan. Both dispense 
with the bottom chord, which is common to most, if 
not all other plans of truss, for both iron and wooden 
bridges. Both also employ a pair of tension obliques 
Acting ill horizontal antagonism to each other, at each 
of the supporting points c, rf, e, &c. But while in the 
one, the members of each pair of obliques are of equal 
length and tension, in the other, the pairs consist of 
unequal members (except at the centre), as the dia- 
grams will sufficiently illustrate. 

It will readily be seen that Fig. 48 exhibits three 
classes of obliques, consisting respectively of 2, 4^ and 8 
members to the class. Supposinga truss of the same di- 
mensions and proportions, and subjected to the same 
load, as in case of Fig. 47, and using the same notation, 
as far as applicable; it is manifest that each of the 8 
short obliques, sustains ^W. The 4 next longer sus- 
tain upon each, a weight equal to W -one half directly^ 
and the other, through the short obliques and uprights* 
The two long obliques sustain 2W each, being the hall 
of IW, received directly at/, and 1 and 2 respectively 
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through the upright, from members of the other classes, 
meetiug ftt the point/}. 
The material required for all the obliques, then, {ab 

being « 1, and be = h), is 8 X J (A* + 1; + 4 x 1 (4A* + 

T)"+ '2> x2 {16/i^ + 1)M, being the number of pieces in 
each class multiplied by co-efficients of W in weightg 
sustained, and by squares of length respectively, and 
the sum of products multiplied by M. 

Subsituting in the above expression the value of A*, 
(0.694), and, reducing and adding terms, we derive 
material in obliques = 70.296 M. 
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Fig. 48. 
FiNCK Truss. 
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The compression upon the chord a Z, is equal to the 
horizontal action of one member of each class of ob- 
liques, communicated at each end ; that is, equal to 
(I A + 2A + 8A)W, = lOJ A W ; and, multiplying by 
length ( = 6.66), and substitiyting 0.833 for A, and M 
for W, we have (10.5 x .833 X 6.66)m = 68.J M, to re- 
present the material required in al\ — the same as in 
case of Fig. 47. 

The uprights of the Finck truss obviously sustain 
12W, namely, Z\ at each end, 3 in the middle, and 1 
at each of the quarterings, r and n. But, in comparing 
this with the Bollman truss, it seems fair to offset 6 up- 
rights, not including the end and centre ones, m the 
Finck, against 7 in the Bollman truss not estimated; 
hus leaving lOM for uprights ip the former, making 
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a total of 68 JM, for compression material, excepting 
the 6 intermediate uprights, excluded as above. 

Both of the above considered trusses exhibit a beau- 
tiful simplicity, and facility of comprehension in prin- 
ciple, and they will be left for the present, for a 
discussion of the 

Post Truss. 

CXXXrV". This, like the two preceding plans, is 
designated by the name of its distinguished designer 
and publisher, S. S. Post, Esqr., of Jersey City. 

Fig. 49 gives a general view of the only specimen 
of this truss which the author has had an opportunity 
of examining. It is a sort of compromise between the 
trusses represented by Figs. 18 and 19, of which the 
object sought appears to have been, to obtain a nearer 
approximation to the most economical angle of incli- 
nation lor both thrust and tension members (between 
chord and chord), by inclining the latter at an angle 
of 45°, and the former at a less angle with the vertical. 
These are both favorable conditions, considered alone 
and by themselves, as we have already seen [lxv and 
Lxvi] ; and it is proposed to compare the econonij- of 
this particular arrangement, with that of a truss having 
vertical posts, with oblique tension diagonals ; as well 
as with other plans, preceding and succeeding. 

Assuming the same length and depth of truss, and 
the same load, both constant and variable, as in the 
preceding cases,, acting at the points x, v, u, &e., let 20 
represent the greatest variable load for the length of 
one panel, and iv^ the weight of superstructure bearing 
upon one truss, for the same length, supposed to be 
concentrated at the nodes of tlie lower chord, and as- 
sumed to be equal to Jm?. Also, let 1 equal the verti- 
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cal depth of truss (between centres of chords), and let 
tension diagonals incline 45**, and posts lean 1 horizon- 
tally to fS vertically ; the space between posts being 
two-thirds of the depth of truss. 

Fig. 49. 

Mr. PosCs TVitss 
a b Q d e f 9 h 
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Then, omitting counter ties up to (/*, from the left, 
as neutralized by weight of structure ; we see that the 
weight at a:, being only f as great as at the other nodes, 
on account of the short space xy^ Sw -r- 80 (or 3io", 
substituting for the occasion, w'' for w -5- 80), represents 
the proportionate part of that weight, tending to bear 
upon the abutnient at m ; and this, with 12m?'' for 
weight at r, and 20w^' for weight at w, + ■26'v'' lor 
weight at i, makes 63m?" accumulated upon </", when 
a:, Vy u and t alone are loaded. 

Now, the action upon this truss is less certain and 
determinate than where the thrust pieces are vertical, 
or inclined equally with the tension pieces. But sup- 
posing that the weight of superstructure at 5, or at s 
and r together, neutralizes, or reflects back a part 
equal to w\ or J80i^", = 27i^" nearly, of this 63z(?'', we 
have a balance of36Ji(?", asthe maximum weight for if. 

Then, whether this 63i(?''* which must go to the 

♦This full amount 63wj'' is used here; for, altlioujrli it is assumed 
that only a part of it is transmitted through tf, the balance is restored 
from weight of structure which otherwise would pass to the abutment 
aty. 
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abutment at m, in virtae of the loads at x, v, u and i, 
is transferred through /s to sg^ or tlirough/r to rh; or 
whether it is divided equally or unequally between th^ 
two, is not quite obvious. But assuming, as what 
might seem probable, that it is transferred in equal 
portions to $<f and rh, in that ease, sg sustains as a maxi- 
mum, S6fc" for weight at 5, + half of 63?r", making — 
say 61ic" ; supposing that sg and re sustain none of the 
weight of structure; which, though probably not 
strictly true, will not materially affect the result. 

Again, (we are now considering the nodes at the 
lower chord as being loaded successively from leA to 
right), the weight at r gives 44^r'' to rA, in addition to, 
say S'2w" tending to be transmitted from (/", and vf, or 
f^w" for structure, making 103ii7". 

For maximum weight on iq^ there is due to movable 
weight at '7, 52^r", -f- 6T«r" from ^, +2Tic^^ on account 
of weigb.t of structure, making 146ti/' ; while pk sus- 
tains (^nO + lOo-r'-T r". = li><>.r", and ol snstains {63+ 
lA6+21\ic" = i!41". The maximum weight upon nl, is 
made up of that of yk -f- i ijc+ic') at w, = 270ic^\ 

Having thus determined the maximum weights 
wh;j:: tl.ese Jia^onals are respectively required to sus- 
tain, a:srei:.irdini: some small matters of uneertaintv. 
of little rniotioa! ini: ortanee. we fiiid the sam of these 
maxima, v^r the 6 r^iooes parallel with i(e on the ri^ht, 
to be TSo "". = 9.7S7-r*r. Thep, rr;rilti]:lv:nz bv 2 the 
square or :Le common lenirth, -tv beinz = 1\ and sab- 
st::u:i::g m' for >r as M was SL;b^t:r^tcJ iVt W in the 
preee l:r,g oases, wo* •♦er.vc 10.575]:' = matonal re- 
quiro 1 ::r "ho 6 rieoos :r. qio-:::^!}. Adl :o the last 
anio^ir.t C.7ii' f.-r tho stoor. Ih-r :»r.a! ' ' V^'ji-^ the s*:T:are 
of IcL^zth bv weiy^it sustained, and ir changed to k''»: 
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and we have the whole material for tension obliqnes 
in the half truss : which doubled, exhibits for that class 
of members in the whole truss, 46.55m'; omitting-^ 
counter ties, not required to sustain structure or load, 
and the value of which will be considered (in generaj) 
hereafter under the head of counter bracing. 

The short section mn of the lower chord, has no de- 
terminate action. The section no has a tension equal 
to i of the weight acting on nl and An, under a full 
load of the truss, equal to ^ the weights upon r, p and 
n, for nlf and J of those at r and p for kn ; the whole 
equal to J x2| {w+w')+i x2 (w+w% = 2.11m?. 

To this, the diagonal ol adds at o, 2 {w+w')y and io 
adds i {w+iD')y making 5.22z£7 «»= tension of op; while 
a like addition at p, for the action ofpk and Ap, shows 
8.33m; for pq. Again, qi adds at j, w+w% equal to 
1.33m;, while rh contributes a like amount at r ; mak« 
ing for qr and rs respectively, a tension of 9.66m?, and 
11m?, restoring neglected fractions. 

It is probable that a small decussation of forces 
through re and 5^^, under a full load of the truss, would 
modify these stresses slightly, but not so as to produce 
a material difference in the final results of the present 
discussion. 

Summing up the stresses thus determined for differ- 
ent portion of the lower chord, counting like strains 
upon corresponding sections, and deducing the re- 
quired material (as above done with regard to dia- 
gonials), remembering that the length of sections equals 
f of unity, we obtain 41.1m' = material required m 
lower chord. This added to 46.55m', the amount above 
determined for obliques, gives tension material for the 
whole truss, equals to 87.65m'. 
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Now, it is manifest that the quantity here represented 
by m', has the same ratio to that denoted by M in the 
estimates of material for trusses Fig. 47 and Fig, 48, as 
the weight lo in the former case has to the weight W 
in the latter. But W was used to express J of the 
gross load of the truss, while w represents only ^^ ^f 
the variable, assumed to be equal to f of the gross load. 
Therefore to : W : : lXj\ : i; whence, w == 0.6 W; 
and m' = .6M. This equivalent substituted in the ex- 
pression 87.65m', gives 52.59M = tension material for 
the post truss. 

The maximum weights sustained by the thrust 
braces, equal respectively those borne by the tension 
^ rods communicating such weights, and for the 5 pieces 
on either side of the centre, the amount is equal to w'^ 
X (36+67 + 103 + 146+ 190) = 6.77w?, which doubled, 
gives lS.t>Aw for the whole of that class of members. 
This aggregate weight, multiplied by the square of the 
common length of pieces (1.11), with w changed to m' 
produces 15.b2M', = 9.01M. 

The end section {kl) of the upper chord, sustains 
compression equal to the weight upon ol and ^ of that 
upon nl, under a full load of the truss, = 2 {w+w')^ 
+Jx2| {iv+w% = 3.88w?. Add 2 {w+tv') for weight 
on pk, and J of that amount for that on A'W, and it 
makes a compression of 7.44?/; upon ki. 

Asrnin, adding w+io^ ( = l.Mw) for action of qi, and 
J of the same for that of zo, makes 9.22w for compres- 
sion of i/?, while a like addition for action of rA and hp^ 
makes 10.99i(; = compression of h(j and gf. We may 
call the last stress llio, as some fractions have been 
neglected. 

The above amounts of stress upon the several sec- 
tions of the half chord, added together and doubled to 
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represent the whole chord, and multiplied by the length 
of section {§), produce 56.72w?,= 34.03W ; whence, 
material for top chord = 34M; very nearly. 

The two end posts obviously sustain the gross load 
of the truss (deducting what comes upon one half of 
the short spaces mn and xy), which equals 9| (w + 
vf), ^ V2.66u) ; and, the length being 1, the material 
equals 12.66m' =» 7.6 M. 

Summing up the amounts thus determined, of mate- 
rial for the several classes of thrust pieces, we have : 

For Braces, or inclined posts, r 9.01M. 

« Upper Chord, 34.00M. 

« End Posts, 7.60M. 

Total, for Thrust, 50.61M. 

" " Tension, 52.58M. 

Whipple's Trapezoidal Truss. 

CXXXV. The distinctive characteristics of this plan 
are, an Upper Chord made shorter than the Lower, 
by the width of one panel at each end, giving to the 
truss a Trapezoidal form — dispensing with non- 
essential members, and proportioning the several parta 
in strict accordance with the maximum stresses to 
which they are respectively liable ; principles and de- 
vices first promulgated in the original edition of this 
work, and applied by its author in the construction ot 
trusses with parallel chords, with or without vertical 
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Truss -Fig. 50 has vertical posts and tension dia- 
gonals; and, using to and w- to denote the same quan- 
tities as in the last preceding case, and pursuing the 
method explained with reference to Fig. 18, [lvi], we 
have the maximum load for 3/5 equal to iw" — ^u/ 
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(making w''^wdW\ded by the'number of panels = 
0.1?/?), = .4?^? — J?(?,. since w' = ^w. For 4/6, we have 
.6i£?, without increase or diminution on account of 
Btructure; while, for the 3 next diagonals on the right, 
we have 8Ucce8sively,-92(? + iw\ 1.2m? + w' and 1.6w -f 
1^10% making altogether 8.7m? + 3/(?', = 4.72^ ; showing 
for the 5 pieces, 5.53m?. This being doubled and mul- 
tiplied by square of length (2.775), and w changed.tx) 
v.m', gives material for 10 long diagonals = 30.69m', 
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The two steep diagonals togther, sustain 4 {w + 
«?'), = 5Jm?, which, multiplied by square of length 
(1.44), produces material = 7.68m'; while the two ten- 
sion uprights manifestly require 2f m'. We have con- 
eequently, material for the system of tension obliques 
.and verticals = 41.03m'. 

The end brace obviously sustains 4|^ [w + w?'), and 
.exerts a horizontal stress = 4t^? (two-thirds of the weight 
borne), upon the two first sections of the lower chord. 
The steep tension oblique adds f of weight borne, mak- 
ing 5.76m? for the next section, while the two succeed- 
ing diagonals toward the centre, adding IJ times the 
weights borne successively (under a full load of the 
truss, of course), give 8.42m; and 10.19?^, for tension of 
second and first sections from centre, respectively. 
Then, adding, doubling, and multiplying by length of 
section, we obtain, material for lower chord = 43.16m'. 
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Add to this the araoant for diagonal system as above'*^ 
fdundi and we have the whole amount of tension ma^^ 
terial for the truss =- 84.18m' = 50.5M; 

The maximum weights sustained by obliques, and 
by them transferred to 7 thrust verticals, being in the 
aggregate =■ 6.62w?, the length or' members being unity, 
need ohly the substitution of m', to express the re- 
quired material for said verticals ; which, reduced to 
terras of M, equals 3.97M. / 

The first and second sections of the upper chord, o\y^ 
viously sustain the same action respectively, as the 
fourth and fifth of the lower chord while the 4 middle 
sections of the former, receive the additional action of 
diagonals 3\5/7 (upper figures), under fiill load. 
Hence we cipher up, material for upper chord =» 32.6jVL 

The end braces, sustaining 9 {w+io') =■ 12m?, with a 
length whose square is 1.44, obviously require material 
= (12xl.l4)M' = 10.37M. 

The truss^, then, requires thrust material, for upper 
chord, 32.6M, for end braces, 10,37M, and for up- 
rights, 3.97M ; making a total for the truss, of 46.09AL 

Tension material as above, total 50.50M} 

Truss wiTHOtiT VERTiCAt&J 

CXXXVI. Assuming a truss (Fig. 51), of same^ 
length, depth, and number of panels, and same load, 
variable and constant, as in the two cases last consi- 
dered, with diagonals crossing one panel only, we have 
nearly the Isometric Truss,* adopted by Messrs. Steele'^ 

and McDonald. 

Arranging the numbers over the diagram, as in Fig.; 
51, and using the process explained [xlvii. Fig. 1&], it^ 

* In the Taoinetric, tlie dia^nitlaincUne at 30^, while in Pig 51 Ihef ^ 
incline nearly 34°. 
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will be seen that either end brace, and the obtiqxies 
parallel therewith, are liable to maximam weights as 
follows, procediug from end to end. 
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Compression. Tension, 

End Brace 4.5 (w7+w?0 =6-000 M?.t 

ObliqueNo. 1 2.100" 

" " 2 1.533'* 

" " 3 1.066" .233 ?(? 

" « 4 1.600" .600** 

•« " 5 233" 1.066" 

*< " 6 1533" 

" « 7 2.100" 

" « 8 2.666" 

Totals 11.533M7 8.200m7^ 

Then, doubling for the two sets, multiplying by 
square of length (1.44), and changing w to m', we have, 
to represent mate rial... .for compression 33.215m, ten- 
Bion 23.616m'. 

The end brace, sustaining 4.5 {to + xc^^ = Qw, exerts 
a tension of Aw upon the end section of the lower 
chord. The next brace sustains 1 J (?r + i/?') = 2/(7, 
making a tension of 5.333i£? for the second section. 
The tension and thrust diasronals meetinir the chord 

f The small thrust action which the movable load tenets to throw 
upon 6, 7 and 8, and the small tension upon 1 and 2, are neutralized by 
-weight of structure. 
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at the next node, sustain together (under a full load of 
the truss), S {w + w' ^ 4t(?, adding § of which, gives 
Sw = tension of the 3d section, while 2^w borne by 
the obliques meeting at the next node, makes a tension 
upon the 4th section equal to 9.777m? ; and l^w at the 
next node (the tension diagonal only, being in action, 
under a full load), gives for tension of the 5th section, 
10.666m?, 

Adding the stresses of the several sections of the half- 
chord, doubling, multiplying by the common length 
(f), and changing w to m' shows material for lower 
chord = 50.37m^. 

The end section of the upper chord sustains thrust 
equal to f x (weight on end brace, (= 6m?), + weight 
on tension oblique meeting said brace), = f 8.666m? =» 
6.77m?. 

The two obliques meeting at the first node from the 
end, sustain together 4m?, adding 2.666m? to the above, 
and making a compression of 8.444m? upon the second 
section ; while succeeding diagonals make the stresses 
of the 3d and 4th sections, 10.222i(?, and 11.1m; re- 
spectively; whence, by process already employed and 
described, we derive : 

Material for upper chord =» 47.392m' = 28.435M 

Add for end braces, 17.28 " =10.368" 

" *' other obliques, 15.935" = 9,661'' 

Total for compression material, 80.607m' = 48.364M 

Tension, chord, 50.37m' 

Obliques, 20.616 

Verticals, 5 

78.986m' -47.391M. 

Grand Total, 95.765M. 
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The Arch Truss. 

GXXXVII* A parabolic Arch Truss of the same 
leogtb, depth and load as allowed in the five preceding 
cases, and having 9 panels, will compare, as to repre- 
sentative of amount of material, as follows : 

Let w^ represent the variable, and w^^^ =s Jw?^, the per- 
manent panel-load. Then, taking the greatest depth 
of truss (15/.), as the unit of length, as before, the 
length of chord will be 6,666, and the verticals respect- 
ively 1, 0.9, 0.7, and 0.4. 

The length of panel (11.111/, ), being divided by 15/, 
(the unit), gives .74074. Hence, tension of chord = 

4r{w, + Wjj) x~^, = 1 J X 7.4074m?,, which, multiplied 

by length of chord (=■ 6.666), and M7y, changed to m^, 
gives representative of material =» 9.8765 x 6f m, = 
65.843m^ ; in which M^ is the unit of material, proportional 
to the unit of length (15',) X unit of stress, lOj. 

The maximum tension of diagonals, as determined 
metrumen tally by process explained [xxvii, &c.,] va- 
ries from l.lliv^y to 1 Ju?^ ; and, taking the highest, mul- 
tiplying by the aggregate length (15.4), and changing 
itf^ to M^, we obtain material =« 20.52m^. 

The verticals sustain tension, each, = lj?^y, with an 
aggregate length of 6, giving material = SM^; making 
a total of tension material = 94.376My. 

The horizontal thrust of the arch, must be in all 
parts the same as the tension of the chord (at the maxi- 
mum under full load), and it is manifest that the nia- 
terial for each segment, must be to that of the middle 
segment, as the squares of respective lengths to unity ; 
that is, equal to material in said middle segment, mul- 
tiplied by squares of respective lengths. 
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But the representative for the middle piece equals Jth 
that ofthe lower chord, = 7.316My. Hence, this amouut 
multiplied by the sum of squares of all the others, +1 
for the middle segment, found to be 9.058+1, = 10.058> 
gives, to represent material for the whole arch, 73.584m^, 

Then, the vertical members are liable to be exposed 
to compressive action, represented by the small amount 
of 2.058My, which added to the above, gives a total of 
compression material, equal to 75.642My. 

Now, the factor m^, here used, is to the factor M 
used in the preceding cases, manifestly, as Jxj, to J, 
as y'2 • J? whence, 12m^ = 8M ; and we reduce the co- 
efficients of iMy, by J, and change m^ to M, to bring the 
last results to the same standard measure as in the 
preceding. 

Effecting these changes, we have, for tension 
material. Chord 48.895X1, + Diagonals 13.689M + 
Verticals 5.333M, equal toatotalof62.917M. For com- 
pression, Arch, 49.056+Verticals, 1.372, = 50.428M. 



Synopsis of Preceding Deductions. 

The following tabulated statement may promote the 
convenience of comparison : 



Trusses. 


Material required expressed in Ms. 




Tension 
total. 


Compression. 


Comp. 
Total. 


Grand 


Designated. 


Chord. 


Ends. 


Posts, &c. 


Total. 


Bpllraan, . 

Finck, 

Post 

Whipple, . 
Isometric, . 
Arch, 


65.296 
70.296 
52590 
50.500 
47.S91 
62.917 


58.333 
58.333 
34. 
32.6 

28.435 
1:49.056 


7.000 

7. 

7.6 
10.37 
10.368 


* 

3.000 
9.01 
3.97 
19.561 
1.372 


65.333 

68.H33 

50.610 

46.94 

48.364 

50.428 


130.629 
138.629 
103.200 
97.44 
95.755 
113.345 



* Actual, but not a determinate quantity, f Thrust Diagonals. 
{Aych. 
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CXXXVIII. The figures in this table are to be 
uuderstood in all cases as prefixed to the quantity M, 
which, as far as relates to tension material, represents 
a determinate amount of wrought iron ; while, as it re- 
lates to compression material, M represents an amount 
of cast or icr xuj t iron, varying as the forms and pro- 
portions of parts vary. But, in the present discussion 
M may be assumed to have a uniform value in ex- 
pressions relating to material under the heading of 
chords; and of ends, whether oblique or vertical. 

The quantities under the head posts, require in 
general, probable twice as high a value for M, as that 
required for the other classes of thrust members, as it 
regards all but the first named truss, while the first is 
not represented in that column at all, although the 
parts there referred to are as indispensible, practically, 
and require nearly as much material as corresponding 
parts in the other plans. 

With regard to plan N"o 2 (the Finck), 6 posts ac- 
tually required (two of which, at the quarterings, sus- 
tain determinate weight equal to W each), are also 
omitted in the table, to place this plan upon an equal 
footing with the preceding one. 

There is also a consideration with regard to the ef- 
fects of load upon these two trusses, especially the 
first, which render \i partially necessary to use diagonal 
ties, or " panel rods" in the several panels ; and such 
have usually been introduced wherever such bridges 
have been constructed. 

As any one pair of suspension rods in the Bollman 
truss may be under full load, while the others are 
without load, the loaded node would, in such case, be 
depressed, while that on either side would retain nearly 
its normal position. Thus would result an obliquity 
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in panels adjacent to the loaded point, andcongeqnently, 
a tendency to kink in the upper chord, by opening 
the joint above the loaded point upon the under side, 
and the next joint either way, upon the upper side. 
Hence the compression of certain chord segments 
would be thrown upon the extreme upper side at one 
end, and the lower side at the other end. This would 
be decidedly an unfavorable condition, which the panel 
rods are used to obviate by distributing the load of 
loaded points over adjacent, and more remote parts of 
the truss. Otherwise, the bridge would act under a 
passing load, somewhat in the manner of a pontoon 
bridge. 

By estimating a reasonable amount of material for 
posts and panel ties, the figures in the table, opposite 
the first two trusses would be materially increased. 

Hence, it must be obvious that the necessary mate- 
rial for the two above named trusses, is not so fully 
represented in the table, as in the case of the other 
four; with regard to which — assigning proper values 
to M in the difterent columns of the table, and assum- 
ing the members to adhere to one another as firmly as 
the different portions of each cohere among themselves, 
a complete truss would be formed in either case (of 
dimensions as above assumed), sufficient to be used in 
a bridge required to bear a gross load equal to 4 times 
the weight of superstructure ; provided the proper 
ratio of safe variable load to wei^jht of structure be as 
3 to 1 ; as is nearly the case with regard to a 100 foot 
bridge.* 

* M, in the precedinjf table, represents a piece of iron, ly loner sns- 
ficient to snstain with safety, a weijfht W, equal to ^ of the srroas 
maximum load f r one trnssof a lOOft. bridore. Allowinsr l.OOOlbs. to 
the linea! foot for movablo, and 3331 bs. for permanent lo d. W, repre- 
sents i X 133,3331bs.=: 16,6661b8. Then, reckoning the safe stress of 
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In each case, the results already obtained, would - 
show the relative cost of the several trusses (excepting 
the first two), with almost absolute exactness. 

But, as the partR of a truss can not be so connected 
and welded into a single piece, without enlargements 
at the joinings, by any skill or process now in use, we- 
have to include as an item of cost, in .all plans, a con- 
siderable amount of material abovfe and beyond the 
net lengths and cross-sections, as here before deter- 
mined with regard to the trusses under discussion, re- 
quired for the lapping of parts, screws and nuts, eyes* 
and pins, &c., to form the connections of the difterent • 
members with one another. 

With regard to the trusses under comparison, no 
obvious reason presents itself, why any one should re- 
quire a percentage of allowance for connections ma- 
terially greater than another. Leaving out the two 
first, as perhaps already sufficiently discussed, the 
others consist of about the same number of necessary 
members, and with the exception of the arch truss, ad- 
mit of nearly the same forms and connections of parts. 
The Isometric, or Trapezoid without verticals, presents 
the fewest lines in the diagram ; but some six of those 
lines represent both tension and thrnst members, eithei*'" 
separate or combined, which probably complicates the 

iron (thrust or tension), at — say lO.OOOlbs. to tlin inch of cross-section, 
it takes 1^ square inches to Sustain the weight W"; bein^ about 5| lbs. 
to the foot, or 84flbs. for 15'. This, increased by — say, 20 per c. fop 
extra material in connections, jpfives the practical value of M ; which, 
multiplied by the co-efficient of M in the table, produces approxi- 
mately, the respective weiofhts of trusses. 

Now. 11 X 84.37 = 101irH)s. whicli multiplied by 113.345, the co- 
efficient for tlie Arch truss, pfives for the weijriit of that truss, 11.4T61bs. 
Add for 10 feet width of platform (with wooden beams), — say 5,000ft. 
6. m. of timber and plank, equal to about 20.000 lbs., and we have 
31.4701bs. to represent the permanent load of the truss; But we have 
assumed a truss proportioned to sustain with safety 133,3331b., which 
is a little n^oro than 4 times the weight of structure here above esti- 
mated as supported by the truss. 



COMPAEKOS QF rLiNS. 



261 



details of eonuectioti, quite as much as the extra three 
members in truss No. 4. The Post truss presents the 
larger numlier of acting members, even omitting six 
counter ties seen in the diagram, with apparently no 
adpantnge as to modes of eonuectiou. Both the Post 
and liielsometric have 10 nnembers represented in the 
4th column of the table, whereas the Whipple truss 
has only 7, and these the shortest of all; aud, as the 
material in these parts manifestly acts at a disadvan- 
tage, they being comparatively long and slim, and bus- 
taiuing slight action, any excess in their numher, would 
8eem to be unfavorable to oconomy. 

It is believed, however, that the Post truss would be 
improved in economy by reducing it to a trapezoidal 
coutour, as, for instance, by removing the parts outside 
of bx and kn (I'ig. 49), and chaugiug the tension pieces 
av and ol for others connecting 6 with v, and o with k; 
thus converting the figure to a trapezoid very similar 
to that of Fig. 50 ; and, by striking out one panel from 
the latter, and arranging parts as iu Fig. 20, except aa 
to inclination, the relative merits of inclined aud ver- 
tical posts, as represented iu these two plans may bo 
fairly tested. 

Analysis of trusses modified as just indicated, show 
tension material slightly in preponderance with the 
vertical, and thrust material a little the greater with 
inclined posts; the average being about one percent 
greater in the case of vertical posts. 

This balance, though trifling in amount, ia upon tho 
6ide where it was to be look<)d fctr, in view of the re- 
Bult of investigations had with reference to Figures 12 
and 13 [xsxix — slvi], as well as the case of tho Iso- 
metric. Both the Post truss and the Isometric, as to 
principle of action, may be classed with Fig, 13, where 
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weight is tran^^'errcd from oblique to oblique, and not 
from oblique to vertical, and the contrary. Thesamo 
may be said of truss Fig. 15, sometimes called the 
Triangular, in which verticals arc used merely to trans- 
fer the action of weight from the point of application 
to the connections of the obliques; after which, the 
weight has no action upon verticals. 

Now finally, we see by table of results, that if the 
Post truss be changed to the trapezoidal form, as above 
Buggosted, it will occupy a position, as to amount of 
material, or more strictly speaking, the amount of ac. 
Hon upon material, between Fig. 50 and Fig. 51 ; which 
latter difter from one another less than 2 per cent ; a 
difference, which would undoubtedl}^ be increased 
somewhat, u nder different general proportions of trusses. 
For instance, while Fig. 50, shows an inclination of 
diagonals used in connection with verticals, probably 
nearly approaching the optimum^ Fig. 51, though su- 
perior to tlie true Isometric (with angles of 60°), in 
the greater inclination of its obliques, would give still 
better results with an inclination of about 40°. 

CXXXIX. On the whole, we must look to other 
quarters than the amount of action upon material, for 
plausible ground upon which to found a decided pre- 
ference for either of the three plans in question. A 
difference of two or three per C, and even more, may 
easily result from greater or loss facility of constructing 
and erecting the structure, while a regard for appear- 
ance may also be worthy of consideration. Hence, 
Engineers and builders will adopt one or another plan, 
according to individual taste and judgment, and the 
one who carries out the principles of either system with 
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the greatest skill, and the best materials and workman- 
ship, will probably produce the best bridi^je. 

Judging from the preceding tabulated statement, 
the arch truss seerns, prima facie, . to labor under a 
somewhat formidable disadvantage in the fact that it 
shows an amount of action upon material 10 or 15 per 
cent, greater than the three preceding plans just es- 
pecially referred to. But for the light of experience, 
we might be led to discard the plan without a trial. 

But, having chanced to be the first plan of iron 
Truss successfully put in use, and having had its ca- 
pabilities fully tried and demonstrated, before any 
formidable competitor appeared in the field, it could not 
be dislodged from its position, until a rival plan could 
not only theoretically, but also practically demonstrate 
its superior claim to puhlic favor. 

The result has been such as to show that even a very 
considerable excess of action upon material, may be 
overbalanced by more advantageous action of thrusi 
material, and greater simplicity and facility of construct- 
ion ; insomuch that the Whipple Patent Arch Truss, 
with trifling modifications from thie original pattern, 
has competed successfully with all other plans, for the 
class of structures it was originally designed and re- 
commended for (common bridges of 50 to 100 feet), 
during more than a quarter of a century, which has 
been fruitful in efforts at improvement in iron bridge 
construction. 
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COUNTER BRAcma. 

The elasticity of solid materials, is manifested 
in bridge trusses, by their downward deflection under 
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load, and tlio recovery of tlieir previous form and po- 
Bition on the removal of the h)ad. 

This arises principally, from the temporary elonga- 
tion of parts exposed to tension, and the contraction 
of those exposed to compression, according to laws 
and principles supposed to be understood. 

The deflection of trusses within the usual limits, 
wlicn properly proportioned, is not essentially detri- 
mental to their safety and durability ; but rather 
enables them the better to resist sudden impulses, — 
exce[)t in case of a regular succession of impulses, at 
intervals corresponding with those of the natural vi- 
brations of the structure, or with, some multiple or 
even division thereof; a result frequently noticeable, 
and sometimes, to a degree somewhat unpleasant to 
the eye, as well as suggestive of danger. Hence, 
great emphasis is often employed, in expressing the sup- 
posed advantages of " counter bracing," as a means 
of stiffening trusses, and preventing, or diminishing 
their vibration. 

What is technically called " counter-bracing," as ap- 
plied to bridge trusses, is the introduction of a set of 
diagonal, or oblique pieces or members, to act in an- 
tagonism to the main diagonals, whether acting by 
tension or thrust, which contribute toward sustaining the 
weight of structure and load; the object being, to re- 
tain in the truss when unloaded, more or less of the 
deflection produced by the load, when the truss is 
loaded. 

My object at the present time is, to exhibit the pro- 
cess and results of my investigations as to the theory 
and effects of this counter-bracing, as usually practiced 
in bridge bniMing, and to state the conclusions arrived 
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at, as to the value of counter-braces, towards eflEecting 
the object proposed. 

Fig. 62. 
a hcitjghi 




I assume a truss (see Fig. 52) composed of horizon- 
tal chords (of equal lengths), at top and bottom, vertical 
posts, and diagonal tension rods, inclined at 45°, or at 
any other given inclination, — the truss being uni^ 
formly loaded from end to end, and so proportioned 
that all of the above named parts, in that condition of 
the load, shall undergo an amount of extension or 
compression, proportional to the respective lengths of 
parts, multiplied by a constant factor (-&), equal to the 
elastic change eflFected in a length equal to that of the 
uprights between centres of chords, which is assumed as 
the unit of length for the occasion. Then, let i repre- 
sent the length of truss, P, the number of panels, H^ 
equal to L-rP^ the horizontal reach of diagonals, and 
D (equal to 2LE), the difference in length, occasioned 
by extension of lower, and compression of upper chord. 

Now, assuming no change in lengths of diagonals 
and verticals, it is manifest that the chords assume, in 
these circumstances, the forms of two similar and con- 
centric arcs of circles, of which the difference in length 
is to the mean length, as the difference of radii is to 
the mean radius, B. 

But the difference of radii manifestly equals the 
distance between chords, equal to 1. Using, then, 
the representative signs before adopted, we have 

JD : L : : 1 : E; whence R^^L-^D. 

U 



m 
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Now, the depression at the centre of the truss, ifl 
evidently equal to the versed sine of half the arc made 
by the chords, and is found with sufficient nearness, 
by the equation . . Dep. =- {^Lf -^ 2R, =^ ^L^ -^ H. 
Then, substituting L-r D for Rj we have dep.= \L^ -i- 
(L + 2)), = \I)L. 

Hence, if the length of truss equal 8 times the depth, 
or 8, the deflection due to this cause, will equal the 
difterenee in length of the two chords, produced by 
their extension and compression. 

Again, if length equal 6, then, dep.= \D x 6, = 
8i) -i- 4, = QjE'. 

The depression resulting from extension of diagonals, 
may be illustrated as follows. 

If the points a and 6 of a rectangular panel abed 
(?jg' ^3), be fixed, and ac be extended by an addition 

equal to eA to its length, produced by 
the action of weight at c, either di- 
rectly, or through the upright dc\ the 
points d and c will fall to g and hy 
and the very small triangle cell (eh 
representing only the elastic stretch 
of ac), will be essentially similar to abo ; 
whence, ch : ac : : eh : ab, and eh : 
E : : ac : ab, : : s/ {1 + IP) : 1 . . . Therefore, eh = 
Uy/ {1 + H% But ch : y/ {1 + 11") : : eh : 1, : : 
Uy/ {1 + H^):l; consequently, . . c/i = ^ -f UI1\ 

Now, if this represent one of the end panels of a 
truss, all parts of the truss between the end panels, 
must descend through a space equal to ch, in conse- 
quence of the extension of diagonals in the two end 
panels; and so for each succeeding pair of diagonals, 
to the centre of the truss. Therefore, the depression 



Fig. 53. 
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m the centre, due to the stretching of diagonals, must 
be equal to JP X (1 + H^)E, - (JP + J PH^E. 

The depression in the centre of the truss, due to 
compression of uprights, is simply equal to the aggre- 
gate compression of all the uprights on either side of 
the centre one, and consequently, equal tp JPJK Thi» 
amount added to that produced by extension of 
diagonals, as above determined, makes, for up- 
rights and diagonals together, a depression equal to 
{F + iPIl^)E. 

The value of this last expression, length and depth 
of truss being the same, varies slightly with variation 
in number and width of panels, but not so as to be a 
matter of practical importance* 
Assuming i =■ 8«?, »* 8, we find that, 
P= 2, and P= 16, make (P + i PH*)E^l%E. 
P=4, andP- 8 « " - 12Ja 

P=:6, makes " =» HJA 

6 panels, therefore, seem to produce the least defleo^ 
tion. 

The deflection resulting from changes in leng hs of 
chords, has been shown to be equal to \LD ; and^ 
substituting PIT for i, & 2PHEfor Z), we have. . f 
LD^lP'H*Ej =deflectiou from change in chords. 

The term JK, then, with the following co-efficients, 
expresses the depression at the centre of the truss, re- 
sulting from all changes in length of parts, namely, 

for chords, JP^^^, for diagonals, ^P+\PIP^ andj 

for uprights, |P. 

Hence, the deflection of a truss, under the condi- 
tions here assumed, depends upon three simple ele- 
ments, represented by the letters, P, H^ & E\ and ii 
expressed in the following general formula ; 

Deflection^ {IF'H^ + JP+ IPH\ + iP)xE. 
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The parts of this aggregate co-efficient of J^, re- 
ferring respectively to chords, diagonals, and uprights, 
are separated and distinguished by commas. 

The formula just given is equally applicable in case 
of thrust diagonals and tension verticals; as will be 
made obvious by a moment's examination of the 
principles involved. 

Now, if the truss could be anchored down, by tics 
and anchorage absolutely unyielding, to the point of 
its utmost deflection under load ; the load might be 
removed, and replaced, without any, rising or falling 
of the truss, — the load and the anchors alternately re- 
taining the deflection, and preserving a constant and 
uniform strain upon the truss. 

The same eftect is partially produced by counter- 
bracing; and the object of the present investigation is, 
to determine, approximately, at least, to what extent 
this may be done, and what is the real advantage of 
counter-braces, in trusses with parallel chords ; beyond 
where they are necessary, to counteract the efFecta of 
unequal variable load, upon the different parts of the 
truss. 

We have seen that deflection results from three 
causes, all, of course, depending upon elasticity; 
namely ; difference effected in lengths of, — first chords, 
second, diagonals, and third, uprights. 

The theory of counter-bracing is, that by the intro- 
duction of antagonistic diagonals, the material is pre- 
vented from regaining its normal state on removal of 
the load ; and consequently, that it yields to the re- 
imposition of load, to much less extent than it would 
do, in the absence of counters. 

As to the deflection due to the dift'erence in lengths 
of chords, equal, as shown by the general formula one 
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pageba^k, to one-half of the whole, for a truss in which 
jL = 62?, and to more than half, when JL is greater 
than 6-£?; the counter-diagonals have no tendency to 
retain or diminish that difference, or the deflection 
produced by it. The diagonals and counters, simply 
contract or extend (according as they act by tension or 
thrust), the two chords equally, without affecting the 
difference between the two. 

On the contrary, the action oi the counter diagonal 
tends to retain the tension (or thrust, in case of thrust 
diagonals), of the main in the same panel, and also, 
the compression (or tension), of uprights ; and, in as 
far as that is accomplished, the deflection due to the 
elasticity of those parts, is retained, on removal of load 
from the truss. 

SuppoSe, in a truss with tension diagonals, loaded 
and depressed as already explained, and all parts ex- 
tended or contracted to the amount of J5x respective 
lengths; a counter-diagonal to be inserted in each 
panel, crossing the mains, as shown in the diagram 
^\o5^ _(Fig* 52), and of half the size of the latter, such being 
the usual proportion for counters. 

Now, the counters being adjusted so as not to act 
while the load is on, but ready to act immediately, as 
the main diagonals begin to contract, then, the load 
being removed, the main will contract by its elasticity, 
opposed by the counter, until they come to an equili- 
brium; each sustaining the same amount of tension. 
Still, the aggregate extension of the two beyond the 
natural state, must be essentially the same as that of 
the one, under the load; the one gaining, just as fast 
as the other loses. 

But the main, having a cross-section twice as great 
as the counter (chords and uprights retaining the same 
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lengths), mast lose two-thirds of its tension^ while th« 
latter is acquiring strain enough to withstand the re- 
maining third. Hence, 2 thirds of the defleetioi) clue 
to extension of diagonals, is recovered^ on removal of 
the load, while the counter-diagonal retains the other 
1 third. 

But the posts (the greater portion of thena), do not 
remain stationary as to length, as above assumed ; the 
main and counter diagonals together, exerting, ob- 
viously, only f as much aciion upon them in the new 
condition, as the former exert under load, they are re- 
lieved of J of their aggregate stress under load ; but 
do not recover in the same degree, their original ag- 
gregate length ; for the relief falls mostly ui>on the 
larger uprights, where the relative effects are less than 
the average. 

To illustrate the ease as to uprights — if equal 
weights act at the nodes of the lower chord (Fig. 52), 
the compressive action upon the posts at jr>, q, r, and *, 
is obviously as 1, 3, 5, 7, respectively, or as 3;?, 9n^ 
15w, 21n. [See analysis of Fig. 12]. Then, — Counter- 
bracing, and removing load ; sa is relieved of two-thirds 
of its stress, equal to 14;?, while bs exerts a force of 7n 
upon 6r, making with 5/? retained by 67, a total of V2n 
tpon ir, and showing a relief of 3n. Again ; cq receives 
bn through cr, and 3n through cp, =» 8n in all, being a 
relief of In. But d/?, receiving Sn through rfy, and In 
retained by rfo, sustains 4/?, being an increase of 1/?. 

Now, as these uprights are assumed to undergo the 
feame contraction under load, J of the deflection on ac- 
count uprights, is due to each. Therefore, sa being 
relieved of 2-ods of its action, restores . . 2-3ds of J, 
(= 16.6 per C), of that deflection. In like manner, br 
restores l-5th of i, = 5 per C.» and cq l~9th of |, or 2.8 
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per C, making, for the pieces together, 24.4 per C, re- 
stored. This is diminished by l-3d of J, or 8.3 per 0. 
(on a<;count of increased compression upon dp), leaving 
a balance of 16.1 per C. only, of deflection from con- 
traction of uprights, which is restored in spite of 
counter-diagonals, in the case under discussion. 

Moreover, the main and counter diagonals, produe^ 
ing more or less effect of contraction upon the chorda^ 
according to the degree of inclination of the former, 
and the cross-sections of the latter, it may, perhaps, be 
reasonably assumed, that the contraction thus effected 
In the horizontal, is a full off'set to the 16 per C. of ex- 
pansion in the vertical sides of panels, as above shown; 
80 that we may regard the whole deflection from up- 
rights, as being retained by counter-diagonals. 

To state the full result of the foregoing inve^tigatioit 
then, we find in case of Fig. 62, which is a fair repre- 
aentative of the average of trusses; that counter-braos 
ing, obviates all the deflection due to compression df 
uprights, together with J of that resulting from extea-' 
sion of diagonals ; and, making JE? = 1, in the formultt 
for deflection (p. 267), we have — • deflection saved by 
counter-diagonals, «= (J X 8 + 4) -4- 28, = a little le^ir 
than 24 per G. of the whole deflection. If H^ 0.78 
(truss 52), the result would be about 81 J per C. saved. 

But even these results are based upon conditional 
never occumng in practice. It has been assumed that 
all parts of the truss undergo equal degrees of change 
under a full load ; which may be nearly true with r«t. 
spect to chords, but not to other parts. The hiaximuift 
action upon od and dp (Fig. 52), requires those parts td 
be 2J times as great, as they need be under full Idad j 
whilepe and cq require \ more, and, qb and br^ l-20th moi^ 
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cross-sectioD at the maximum, than uuder a fall load 
of the truss. 

Now the deflection resulting from elasticity in these 
parts, being less in proportion as the parts are greater, 
the saving by counter-bracing, must be less in the same 
degree, as far as it relates to such parts. This at once 
reduces the above computations for deflection retained, 
from 31 J and 24, to 25 and 19 per C, for the two cases 
respectively ; and, considering the increase of section 
required for uprights (in iron trusses), on account of 
great length and small diameter, as heretofore alluded 
to, it is deemed to have been fully demonstrated, that 
the effects of counter-diagonals, of half the size of the 
mains, are, to retain in the truss when unloaded, from 
one-sixth or less, to one-fourth of the (ieflection pro- 
duced by a full movable load. 

But it has been seen in the progress of our investi- 
gations as to the action of load upon the different parts 
of the truss, that counter-diagonals are required in one 
or two panels on either side of the centre, and there, 
they can not be safely omitted. But, beyond the point 
where the weight of structure acting on the mains, be- 
gins to overbalance the effects of unequal and variable 
load upon the counters, I do not consider the advan- 
tages of counter diagonals to be suflicient to warrant 
their use. 

In the case of rail road trains, gliding smoothly over 
bridges of ordinary spans, a quarter or a half of an 
inch more or less of deflection, is of slight importance, 
while, in bridges for ordinary carriage travel, the only 
objection to it is, that it slightly increases the degree 
of vibration produced by successive impulses, as of the 
trotting of animals, in time with the natural vibrations. 
Now, counter-bracing tends to shorten the intervals oi 
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the natural vibrations by diminishing their extent; but 
can not destroy the liability to vibration ; and the al- 
teration of interval produced, may as often bring the 
vibrations nigher in tone with the gait of a trotting 
horse, as otherwise. In certain cases the effect would 
be one way, and in others, the opposite; and in 
general, the only result would be, to diminish the ex- 
tent of motion ; by one quarter, or less. 

Such is the result of the best reasoning and science 
that I have been able to bring to bear upon the subject 
of counter-bracing. 

*To find the actual maximum deflection of a truss it 
is only necessary to know the value of P and H, and 
to assign to A' a value determined by the character of 
material, and the stress upon the several parts under 
full load. 

Tn Fig. 52, if ^ = 1 = 12Jft., and the tension of 
wrought iron equal 15,000ft)3. per square inch, the 
value of jKfor that material, will be about 0.0075 ft. ; 
and this will apply to the lower chord, and the obliques, 
ar and IL But the average value of E for diagonals 
of wrought iron, would be about 0.006ft. 

For cast iron, 11,000K)S. to the square inch, requires 
about the same value for Ey as 15,000 upon wrought 
I. ; and, as that is a fair working rate of compression 
for cast iron in the upper chord, .0075ft. may be taken 
as the value of ^for chords, in general. Uprights, 
for reasons heretofore explained, require a value for 
E\ not greater than .005ft. 

The above values of ^and H, substituted in the 
formula (J P^H\ + J P + IPH\ + JP,) X ^' it becomes 
IP'H^E+ (iP + IPH^)E + IPE\ equal to i X 64 x 
.0075, + (4 + 4) .006, + 4 x .005, =, 0.188ft. = about 
2\ inches. Hence, a well proportioned wrought and 

35 
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cast iron truss, one hundred feet long, by 12J feet deep, 
may be depressed 2J'' in the centre by a distributed 
load (inchiding structure), with tension not exceeding 
15, and thrust, not exceeding 11 thousand poands to 
the square inch in cross-section of iron. 



.♦> 



WOODEN BRIDGES. 

Strength of Timber, &c. 

CXL. The qualities of wood as a building material, 
have been extensively treated of by authors whose 
works have long been before the public, with a degree 
of ability and research to which the present writer can 
make no pretensions. lie will therefore at this time^ 
simply state the conclusions arrived at from reading 
and observation (coupled with some experimental re- 
search) with respect to the average absolute strength, 
positive, negative, transverse, and to resist splitting, in 
certain cases ; of the timbers principally in use for 
building pur^wses; as also, the forces they will bear 
with safety under various circumstances; leaving it, 
ofcpurse, for others to adopt his views for their own 
practice, or to modify and correct them, according as 
their greater experience or better judgment may 
dictate. 

At the same time, the author may be allowed to ex- 
press his firm belief, that the views about to be pre- 
sented, if fairly observed, will lead to the adoption or 
continuance of a safe and economical practice as to the 
proportioning of timber work in bridge construction. 

Pine timber in this country is perhaps to be ranked 
as among the most valuable timber in use for building 
purposes; especially in bridge building. White oak, 
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and some other varieties, are preferred for certain pur- 
poses, as being harder, stifter, and especially better 
calculated to sustain a transverse action, whether 
tending to bend or crush it. But in what follows, 
reference will principally be had to the ordinary white 
J)ine of this country ; and the deductions here made, 
anay readily be modified so as to apply to other mate- 
rials of known strength, when so required. 

The absolute positive, or tensile strength of pine, 
may be stated at about 10,000fl)s. to the square inch 
6f cross-section. It might therefore seem to be safely 
reliable in practice, at 15 or It) hundred pounds to the 
inch, upon that part of the section of which the fibres 
are not separated in forming connections with other 
parts of the structure. And so it probably would be, 
when new, sound, and straight grained. But timber 
in bridges, is usually more or less exposed to wetting 
and drying, and deterioration in strength, — especially 
asit regards tension. Moreover, in forrniiigconncctions 
of parts and pieces in a structure, it is diflicult to se- 
cure a uniform strain upon all the uncut fibres; — one 
Bide of the piece being often exposed to much greater 
stress than the other. In view of such facts, it is 
deemed advisable to seldom allow less than one square 
inch section of unbroken fibre to each l,OOOIbs. of 
tensile strain. 

Negative Strenoth op Timber. 

CXLI. The ability of pine to resist conipression in 
the direction of the length of piece, is from 4 to 6 thou- 
Band pounds to the square inch of Mcction, and this 
Varies but little, whether the piecOH be of length equal 
to once, or five or six times the diameter, it moreover 
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diminishes only about one-third with an increase of 
length up to 18 or 20 diameters. 

Now, if we take about J of the absolute strength, 
say SOOfibs. to the inch for a length of 6 diameters, and 
660 for 18 diameters, and substract 4011)3. per inch for 
every increase of 2 diameters in length, between 6 and 
18 diameters; and from 18 to 40 diameters, compute 
the quantities by the rule given [lxxxix], in relation 
to negative resistance of cast iron, we sliall form a 
table of negative resistances of timber, for a range of 
lengths which will cover the principal cases that will 
occur in bridge building, which the author feels confi- 
dent in recommending for the adoption of engineers 
and practical bridge builders. If it be desired to ex- 
tend the table to greater lengths than 40 diameters, 
the formula which makes the strength as the cube of 
the diameter divided by the square of the length, may 
properly be used. 

The following: brief table of neojative resistance of 
timber, has been constructed in the manner above in- 



Table of Negative Resistance of Timber, 



Diameters. 


Pounds. 


Diameters. 


Pounds. 


Diameters. 


Pounds. 


6 


800 


24 


368 


42 


166 


8 


7G0 


23 


328 


44 


151 


10 


720 


28 


296 


46 


138 


13 


680 


30 


269 


48 


127 


14 


640 


32 


246 


50 


117 


16 


600 


34 


227 


52 


108 


18 


560 


36 


210 


54 


100 


20 


479 


38 


195 


57 


90 


22 


416 


40 


183 


00 


81 



dicated, and exhibits at a single view, the number of 
pounds to the square inch of cross-section, which tim- 
bers of difierent lengths will bear with safety, at inter- 
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rals of 2 diameters in length, for all lengths botwoort 6 
and 60 diameters. The first column gives lengths in 
diameters, and the second, the number of pounds to 
the square inch, borne, with safety. 

Transverse Strength of Wood. 

CXLIL Pine timber will bear a transverse strain of 
1500 or 1600fb9. to the square inch of cross-sootion j 
that is, the projecting end of a beam will beiir lOOOlbn, 
for each square inch of its cross-section, ai)plio(l at a 
distance from the fulcrum equal to the depth of tlio 
beam ; the force acting parallel with the sideH. In 
other words, a beam 1 inch square upon supports 2 
inches apart, will sustain 3,000ft)8. midway of HUpportH, 
provided the timber be not split or crushed ; um would 
certainly be the case with so short a leverage. 

It will therefore be proper in practice, never to ex- 
pose this material to a greater transverne ntraiu than 
250fl)s. (upon a leverage of 1 diameter), to the nquuro 
inch ; and, to calculate the strength of a projc'ctiri|f 
beam, this quantity should be mul iplied by fh'j ^sroHH' 
section and the depth, and the prmluct divided by thd 
distance of the loa^l from the fulerom. [xciv,] 

For the safe load in the middle of a beam uupportwl 
near the enda, take foar timeii the above quantity 
(= l,OOOB>s.), maltiply by cn>«» section and depth, uud 
divide by length betwe^^n iin\f[Hfrin. 

A beam will bear twiet; a^ inaeh l</ad ntt\forffi^y di*' 
tribat€>i over it* lenjfth, an when it U ^i^fU^'^muaUA m 
the centre, io ea*e; the t>ea.ft i» %n\ty*ti^\ at tie HiAn^ 
or at the eiid m tJ^e ea^iJe ^yf a proj^;Uui( \^'/4$su 

Bat tbei^e are &r;/3j;ar pnr;d|/3e« att4 i>e^J i-M h^ 
dwelt upon m tLi* \A^;^ 
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Cleavage. 

CXLin. In order that a piece of timber may act by 
tension, it is necessary that a portion of its fibres be 
separated, to form a heading for the stretching force to 
act against; and, that the strength of the piece may 
be made avaihible for as great a part of its length as 
may be, without having the head split off*, it becomes 
important to know the power of the materia! to resist 
such a result. 

Let ab Fig. 54 represent a heading by means of 
which the stick is made to act by tension. Now, as the 
timber is incapable of supporting upon the ends of its 
fibres with safety, for a great length of time, a force of 
more than 8 or 10 hundred pounds to the square inch, 
the area ab should contain at least one square inch^for 
each l,000ft)s. to be applied to it. And, if tbe head 
ab be too nigh the end of the stick, the part abed will 



split off, and be thrust over the end of the timber. It 
is found by experiment that to produce thiseflbct upon 
timber of sound and straight grain, requires a foix*e ot 
nearly COOibs. to the square inch of clcaviige in the area 
efcb. It is therefore obviously necessary to safety, that 
the head <'/6, be at a distance from the end, equal to at 
least 10 times the depth {ae) ot* the head, that the area 
of cleavage may be suiHcient to stand as great a force 
as the area of liead can stand ; i. e., there should be 
10 inches of cleavage surface to one inch of head surface. 
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If the heading be formed in the central part of the 
stick, 88 by a mortice or pin hole, two cleavagea must 
be made from the hole to the end in order that the 
part may be forced out. Hence, the hole need be only 
about five times the width of hole from the end ; that 
is, an inch hole should be five inches, and a two inch 
hole, 10 inches from the end. 

Transverse Crushing. 

Timber is sometimes liable to be crushed by forces 
actinfi: transversely to the direction of its fibres. If 
the pressure be applied to the whole silc of the piece, 
it should not exceed 150, or at mont 200fc8. to the 
square inch, in practice. If acting on one-half of the 
surface, it may perhaps, be 300ft)s. to the inch, without 
yielding very injuriously ; and, for a very small portion 
of surfiice, as under a bolt head or washer, a pressure 
of SOOIbs. to the inch may be admissible. These limits 
are taken with reference to pine timber. Hard timbers, 
will bear, probably, 25 to 60 per C. more with safety. 

CoifNEcnoNS OF Tbhsion Pieces, and Propoetionatb 
Amount of Available Section. 

CXLFV. From what has been already said, it fol- 
lows that for a piece to act with the best advaTita;;;;^ by 
tension^ if the connection be made all at one point in 
the length, one-half of the fibres req'iire to h*i cut off, 
so as to form an area of headitj;^ equal to the cro»H'»co 
tion of the remaining part of the Hi'wM; Hfj<r<; it hau 
been assumed that the j><>w<^r to reiri^t t<Mjj-ile n^raju 
with safety, is the Hurne hh the jy>w<fr to n-j-l-f 'ornpnfH' 
aion upon the endn oflibreH, JJtit if K/;v<'f;j| l;'';:Hifjpj«, 
or shoulders be ma<le at different j^ointi-, o» djt-.tanoei 
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from the end, a less portion of the fibres require to be 
separated. 

If, upon a piece 4 inchesthick, instead of one shoulder 
2 inches deep at 20 inches from the end, we make two 
of one inch deep, each, the one at 10, and the other at 
20 inches from the end, we have the same area of 
shoulder, and 50 per C, more fibres to act by tension ; 
which may be made available by another shoulder at 
30 inches from the end. Thus a greater proportion of 
the fibres, but a less proportion of the length is availa- 
ble. 

In the same manner, if a piece be connected by 
pinning, requiring 2 pins of 2 inches in diameter, at 
10 inches from the end, fourl inch pins, two at 5, and 
two at 10 inches (if stiff enough), give the same shoulder 
surface, and require the cutting of only half as many 
fibres ; and, two more pins at 15 inches from the end 
will give fths of the whole area of section available for 
tension. In case the smaller pins be not stiff enough, 
they may be of an oblong section in the direction of 
the strain. 

A still further reduction of depth of shoulder or 
width of pin, will mnke a still larger proportion of the 
fibres available, but not so much levgth ; and, experi- 
ence and judgment, with n little calculation, must dic- 
tate as to the proper medium in this respect. The 
theoretical limit is, wlien the shoulders are infinitely 
small, in which case, the whole cross-section becomes 
available. But, as the resistance to cleavage must be 
equal to the force of tension, it follows that the loss in 
available length, is proportionul to the amount of 
cross-section available for tension. 

In practice, it is usually not expedient to estimate 
more than one-half or two thirds of the whole section 
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RS available for tension. This reduces the safe practi- 
cal strain for timbers sustaining tension, to from 5O0 
to 700ibs. to the square inch, forthcAvhole cross-section; 
and the proper point between these limits should be de- 
termined by the mode of forming the connections in 
ftpecific cases. 

Pins of Wood and Iron, for connbctinq Timbers 

IN Bridge Work. 

CXLV. Perhaps no more suitable place will occfOr 
for making a few general remarks upon the merits anid 
use of pins for connecting pieces of timber. 

While it is readily admitted that the plank lattice 
girder, put together exclusively with wooden pins, an- 
swered an excellent purpose in aflfording cheap and 
Serviceable bridges in this country when timber was ; 
abundant, and the iron manufacture in its infancy, it 
is nevertheless believed that the use of wooden pins in '', ^ 
bridge construction, is not destined to a long continu---' ' 
ance. Where pins are required in wooden bridge 
work, it is thought that iron may be used with a de- 
cided advantage over wood — not in the lattice bridge 
of the usual form, composed of a great number of dia- 
gonals, and a legion of connecting pins ; but in a modi- 
fied form (as in Figures 13 and 19), with a greatly 
reduced number of pieces, and points of connection. 

Wooden pins for the purpose under consideration, 
do not possess sufficient strength in proportion to the 
surface, unless made so large as to require too much 
cutting of the timber. Moreover, the action upon the 
pin tends to crush it laterally, in which direction the 
hardest timbers available for pins, scarcely offer as 
much resistance as the ends of fibres to which they are 
opposed. 

86 
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Where pieces are connected with their fibres paral' 
lei, wooden pins or keys with cross-sections elongated 
in the direction of the grain, to give them the necessary 
strength, may be employed without too much cutting 
of the timber. But, as just remarked, the key is liable 
to yield before the cut ends of the fibres are taxed to 
their full capacity. It is therefore poorly adapted to 
the purpose in any case where great strength is required. 
Moreover, when the pieces to be connected are placed 
across one another, the hole will not admit of elonga- 
tion without too much cutting of at least one of the 
pieces. 

If it be required to connect a piece by a pin between 
two other pieces as seen in Fig, 55, upper diagram, 
the pin, as already seen, should be strong enough to 
bear as much strain as the opposed surface can sustain. 
Now, we have seen that this can scarcely be done by 
wooden pins. Still if sufliciently stifl:', they may yield 
somewhat to compression, without material loss of 
strength. 

Taking the transverse strength of pin timber at 
SOOfibs. to the inch, with leverage equal to diameter, 
the expression 4 X SOOad -i-l (a representing the cross- 
section, d, the diameter, and I, the length of pin, be- 
tween centres of outside bearings), gives the amount 
which the pin will bear in the middle. 

"Now, the two outside pieces, having ench half the 
thickness of the centre one,* I must equal IJ times 
the thickness (0, of the middle piece ; while the effect 

* The oiitsul(* bonri n<'s may be ropfarded as concentrated at the centres 
^a ^ ; ^ y of thickness of the pieces, while the stress 

, of the i)in in the centre, is the same as if 



I 



*^^ 



^-^<^- 



1 



:5l...:.^,j the force exerted by tlio middle timber, 

■were concentrated half and half at the 



•S^ : >.... .J centres of the two halves of the piece ; see 

' ■■' "^ flioorrnm 



diagram. 
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of the force exerted by said middle piece, is two-thirds 
of what the same force would produce, if conceutrated 
in the middle of the pin, and consequently, the pin 
will bear 50 per 0. more. Hence, we have 4xlJX 
aOO^ici-*- 1J^=» 1200at/-5-/,= strength of the pin. 

But the opposed surface will bear 1,000/cf ; and put- 
ting this expression equal to the former, and deducing 
the value of c/, in terms of <, it will show the smallest 
diameter of a wooden pin, strong enough to bear as 
much xis the opposed surface. This equation gives 
d = 1.03/ ; t whence, it appears that the wooden pin 
should be 3 per C. greater in diameter than the thick- 
ness of the middle timber. 

In the same manner, the strength of an iron pin in 
the same circumstances, is respresented by 4xlJ 
X5,000«rf -?- lit, = 20,000arf -r- /, which made equal to 
1,000^/, gives f/= 0.252^, hence, the most economical 
diameter lor an iron pin in fastening one piece between 
two others, is about Jth the thickness of the middle 
piece; i. e., taking the stiffness of a round pin at 
5,0001b3. But reducing it to 4,500ft)s. as proposed in 
another place [xcviii], it gives rf = 0.266/; whence, 
even upon this basis, it will be safe in practice to make 
d =» J/, and the whole length of pin «= 2/, so that it may 
extend into the outside pieces to the extent of half the 
thickness of the middle piece. 

Since the outside pieces (Fig. 55), require half the 
thickness of the middle piece, and the pin requires a 
diameter equal to J/ = J the thickness of outside pieces, 
it follows that in pinning or spiking a plank or timber 
to the outside of a thicker piece, the pin or spike should 

I Dividing? the equation 120)ad^t'^l,000tfJ, by lOOrf and multiply 
infr hj t, iji ve 12a — 10^'. Bat 12/z — 12x .7854tZ», — 9.4248<r, — lOi"- 

whence, d" — 1.0t5U«, and rf— \/1.0GU' — 1.03/. 
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have half the thickness of the piece attached, that it 
may not beud with less force than the ends of the 
severed fibres can bear ; and should extend into the 
thicker timber at least 6 times its diameter. For, as 

Fio. 55. 

I 



L 



JL 



1) 




1 



the inner portion of the pin or spike, must act npon 
the wood in the same direction as the part through the 
attached piece, it requires the same amount of surface 
to act upon, while the intermediate portion requires a 
Burface equal to that acting upon the two end portions. 
And, even in this condition, the pressure is not uniform 
upon all parts of the length of the pin, since there is a 
neutral point, as represented by the upper dotted line 
(lower diagram, Fig. 55), where the pressure changes 
from one side to the other, and, near this point, must 
be very light in both directions. Hence, for the most 
perfect results, in such cases, the pin should probably 
enter the thicker timber to a distance of 7 or 8 times 
the diameter of the pin. 

When the end bearings of the pin act transversely 
to the grain, they require at least 50 per C. more ex- 
tent of bearing, or even twice as much, when practica- 
ble. At 50 per C I = 1|/, and the effect of the pressure 
exerted by the middle piece, is |tbs that of the same 
force at the centre of the pin. The equation for the 
proper diameter of tlie pin, then, is 4xJx5,000a^/-7-lJ/ 
= 1,000/^/ ; whence, rf = 0.283/, and length of pin =2j;. 
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Splicino. 

CXLVL The term splicing^ as applied to timber 
work^ may be de&ued to be the uniting of two pieces 
af timber by their end portions, so as to form (in figure) 
a continuous timber upon a straight axis. 

The splicing of timber to withstand a thrust action, 
requires only the meeting of the squared ends of pieces ; 
or, a half bp, formed by removing the half of each fof 
a foot or two, more or less, from the end, and lapping 
the remaining halves, so as to have the extreme end of 
each, meet the shoulder of the other. 

But the splicing of pieces to withstand tcusion, ob« 
viously requires a more complicated process; and^ 
from what has already beeu said, [cxLiv,} it is clear 
that only a part of the absolute section can be made 
available to withstand a tensile strain. 

Fig. 56. 




In Fig. 56, we have the profile of a lock splice, hj[^ 
which one-third of the section is available for tension i^ 
the depth of the locking being equal to one^third of 
the thickness of timber. Now, that the locking may 
i|ot split off, we have seen that the lap should exten(| 
10 times tlie depth of lock, each way, making a lap of 
0} times the thickness of the tiinbers. 

By slanting the timber to a thickness at the end eqaall 
to that in the neck of the lock, we lose none ot* the 
cleavage required to i*[»Iit off the hook, while wo gain 
in amount of section where it is required for bc>lt holet 
to secure the splicing. Otherwise, the bolt boles wouMl 
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reduce the available sectiou below one-third of the 
whole. 

It is proper to observe with regard to this splice, 
and also the succeeding one, that the power being ap- 
plied upon the reversed shoulder, or hook, out of the 
line of the unbroken fibres which resist the power, 
the tendency is to throw the ends outward, and pro- 
duce a degree of lateral action, which weakens the 
timber to a somewhat greater degree than in proportion 
to the amount of fibres severed. 

Fio. 57. 




With a double lock splice, as in Fig. 57, e>nc-half of 
the section is available. This requires a lap of 10 times 
the thickness of the timber. 

By three lockii^gs upon the same principle, | of the 
fibres may be utilized for tension, with a lap of 12 
thicknesses (or 12^.), and, by a lap 13J^, we make two- 
thirds of the fibres available. Finally, by a lap of 20^. 
and an infinite number of lockings the whole cross- 
Bection would be available. 

But this, of course, is a point not attainable in prac- 
tice. From J to f — say an average of J, is as much 
as can be reckotjed on, and about as much as can usually 
"be made available for tension, at the end connections 
of a sinsfle timber. 

Splicing may also be effected by a plain scarf, with 
bolting, pinning and spiking, as indicated in Fig. 58. 
With bolts, pins and spikes properly arranged and pro- 
portioned, a strong splice may be formed in this 
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manner, with a less lap than what is required in the 
lock splice. In this case the fastenings should pass 

Fig. 68. 




through at right angles with the plane of the joint, that 
they may not be slackened by a slight yielding of the 
timber to pressure, in the holes. This, however, is a 
device which will probably, seldom be resorted to in 
bridge construction. 

Timbers may also be shackled together end to end 
by iron bolts and straps, as shewn in Pig. 59. The ag- 
gregate cross-section of straps should be about 1 square 
inch to each 10 to 15 thousand pounds of strain which 
the splice is intended to bear; and the diameter of 
bolts fastening the straps, about one-fifth of the thick- 
ness of timber, to secure the greatest eftect for the<: 
amount of section destroyed in cutting the bolt hole. 

Fig. 59 



To connect two timbers 10x12 inches, so as make, 
half of the fibres available for tension, we may take 6, 
straps 2 feet long from hole to hole, and containing a 
cross-section of about 1 square inch, each. Also 6 
bolts of 2" in diameter, and arrange the straps and 
bolts as shown in the figure, the straps being placed 
upon the 12" sides. This will cost, say for 170D>3. of' 
iron at 7cts., $11.90. 
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Tibe expense of a double lock splice (Fig. 57), will 

be about 7 cubic ft of waste timber,^ ^&0 

409)8. of irou bolts, washers and plates,... 2.80 
Labor in fitting the timbers, say, 1. 

Total, $7.30. 

showing the shackle connection to be from 4 to 5 dol- 
lars the more expensive. 



COXJSTRUCTION OF WoODEN TRUSSES. 

OLVII. With a thorough comprehension of the 
power of timber to resist the various kinds of strain to. 
which it may be liable in bridges, and other timber 
structures, and of the general principles of forming 
oonuections in timber work, as attempted to bo ex* 
plained and set forth in the last few preceding pages ; 
and a knowledge of the general forms of arrangement 
for the several members in bridge trusses, or girders, 
and of the manner of computing the stresses to which 
the several parts are liable to be subjected, as treated 
of in the first 100 pages or so, of this work, the details 
of practical construction of wooden truss bridges may 
be intelligently entered upon. 

Nothing more elaborate will be here undertaken, 
than a reference to general forms of trussing suitable 
for wooden bridges of different spans, and a descrip- 
tion of what seem to be the most feasible methods of 
forming connections at peculiar and specific points. 

The method pursued will be, to proceed from the 
fiihorter spans, and more simple combinations, to struct- 
ures of greater length, and requiring a greater number 
aiid a more complex arrangements of parts. 
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Two Panel Trdssbs, 



CLVin. The form presented in Fig. 3, with rafter 
braces ad and dn, aud a tie or chord ac, together with 
au iron tension member db (in 1 op 2 pieces), is proba- 
bly tlie bQst adapted to bridges from 20 to 25 feet in 
length. The bracea shbuld meet with a vertical joint 
at <T(Fig. 3), aud toe into the chord tie witli two head, 
ings, aud one op two small boltSj ua ia Fig. 60. 

Fio. 60. 




Resuming the brace to be capable of sustaining a 
thrust of 500H)3. to the inch of section, and the heading 
l,000fbs, to the inch, the agajregate depth of heading, 
of, and (/e, ahouM be one-Laif the depth '.-6, of the brace; 
and, the point /, should fall below the point d, by 
^^ ad, BO as to give a length of cleavage fh, =; 10a/ or 
10 dk. The shoulder de, then, should he, 

(1},... rfe =JcA_ ,v '< - t -^i — tV "'^ + tV ''^■ 

We here apeak of arffi aa a straight borizonlnl line, 
Dot shown. This ia regarding o/aa equal to the verti- 
cal depth of cut at af; which will be suflicieiitly near 
the truih for our present purpose, provided the brace 
be not very ateep. 

But {2),..,(^e = (rt. sin. dbe, =db. sin. cab. 
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and, putting this value ofde equal to the one above, 

and chaui^iiig vuli^ar to decimal fractions, we have, 
(3), ..dh. sin. cab =■ 0.5 cb — O.lab + O.ldb. 

Then, transposing, and uniting co-efficients of db. 
(4.). ..(sin. cab — OA)db »«0.5c6 — O.lnfc, whence, 

Now, from equation (2) we derive rf6= ^^-^y which 
value of db being substituted in equation (5), we have 

^ (6). - s-uT^ - 8in.ca/>-o.i. > whencc, multiplying by 
sin. cab. we derive, 

(7),... rfe — "".'. Then, substituting for a6, its 

1 — — — 

sin. cab 
cb 

equal, jj^-^ the last equation becomes, 

* ^ ^ 0.1 c6 / n « 0.1 A , 

0.5 C6 : r ( 0.5 : TJCb, 

/Qv 7 Sin co^ V sin. cab J 

8 I cab sin. ciib 

Making the angle cab = 26°33J', which is regarded 
as a suitable inclination for the brace, being one, ver- 
tical, and two, horizontal reach, sin. cab «= 0.447, which 
substituted in (8), gives de =■ .356 c6, and ^/= .144c6. 

This, it will be recollected, is deduced upon the 
supposition that the brace will sustain a compression 
of 500ft)s. to the inch, and no more; which will depend 
upon the length as compared with the least diameter. 
If the brace be capable of bearing with safety, more or 
less than SOOibs. to the inch, the heading, or butting 
surface should be more or less than half the area of 
cross-section, in like proportion. For, if unnecessarily 
large, it requires too much cutting of the chord, and 
if too small, the pressure upon abutting surfaces be- 
comes too great. 

With the inclination of brace above assumed, the 
compression upon the brace obviously equals the weight 



Wooden Bridges. 291 

sustained multiplied by y/h ; and, for a rail road bridge, 
at \\ tons to the lineal foot, the weight upon each 
brace, will be 6,250ft)s. = \w ; or say, J (m? + t(?') =■ 
7,500fb3. This by ^/5, gives 16,770ft)3. = thrust of 
brace, while 15,0008)3. = tension of chord. Now, at 
600ft)3. to the square inch of gross section, the chord 
requires 30 square inches, and the brace 33J inchesj 
being a little less than 6" square. But the length of 
brace being about lift, or 22 diameters of a 6" stick, 
we tind by the table [cxLi], the brace is only capable 
of bearing 416ft)s. to the inch. Hence, with a &' least 
diameter, a section of 40.3 inches, or nearly 6" X 7", 
becomes necessary. Still the butting surface required 
is only 16.77 square inches — a little less than 2 J" depth 
(at right angles with the brace), by 7" in width. 

This 2J inches in depth may be divided between the 
two shoulders at a and rf, in any manner that will leave 
a length of cleavage from a to the end of the chord 
equal to 10 q/", or more strictly 10 a/x cos. ca6, which 
equals the vertical depth of cut at/. But the line df^ 
should preserve a descent, equal to y^th of its length. 

The depth of shoulder being thus reduced from \ch 
(=as 3'' in this case), to 2J", de is diminished in the same 
degree, and from .356e6, becomes fx. 3566*6 = .2966c6; 
and, substituting 6" for ^6, we have de, = 1.78 inches. 
In the meantime «/ becomes |X.144c6, = .72". 

The vertical depth of cut for de, = 1.78", is 1.78xco8. 
cab, = 1.78X.894, = 1.59". Add to thisthe vertical cut 
at/, equal to .642" and it makes 2.233", = aggregate 
Vertical depth of cut in the chord, whence the distance 
tg should be 22.33 inches, to afford the necessary re- 
sistance to cleavaore. 

Now, we require in the chord 15 square inches of 
unsevered fibre, to withstand the horizontal thrust of 
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the brace while we require, as seen above, 1.69x 
7 ■= 11,13 iiichea to be cut away to form foothold for 
brace, making aggregate sectioii of cliord =« lo + ll.lS 
— 26.13 sqr. iiicliea, equal to about 7" X 3|", by strict, 
QQinputatioii. 

Timbers so small, however, although capable of sub- 
taiuiiig, without exceaaive stieas, any actiou to which 
a bridf^o is legitimately exposed, is not to be recom- 
mended iu practice, as the structures raiglit be de- 
stroyed by eaaualtiea which would but slightly affect 
the large timbers required in heavier and loiiger struct? 
tures. 

The centre of bearing of the truss upon the abut- 
ment, should he directly under the point i, at the 
meeting of central axes of the brace, and the unsevered 
portion of the chord. Otherwiae, an injurious lateral 
strain would result to the chord at its wouUest point. 

The traiHver.ie beam at the centre of the truss, may 
be placed above the chord or below, as preferred, and 
sustained hy 2 suspension bolts dcseend- 
ing divergently from a saddle, or double 
washer at the vertex of the braces, pass- 
ing througli the beam, and secured by- 
nuts and washers upon the under side of 
the beam, as shown in Fig. 61. The 
divergence of bolts should be from Jth 
to ^fh their length, and the section of 
bolts, a trifle more than whatia required 
simply to austaiu the weiglit, as they may 
act unequally, in consequence of a small 
lateral tendency of the braces. 

A i-mall bolt slioukl pass vertically 
through chord and beam, to preserve 
them iu place. Also, a small bolster, or corbel hlocls. 
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y. Fig. 60 ftn(I 61), under tlie chord at the end, affords 
some protection at the weak point in tho chord. 

A pair of horizontal X braces in each panel, between 
beam and abutments, or plate timbers upon abutments, 
are required to produce lateral steadiness in the struc- 
ture. 

Tbo idea of constructing Ihe trusses of a rail road 
bridge, even of 20' span, of 6" timbers, to persons in 
the habit of seeing such bridges constructed with tim- 
herg 10 or 12 inches square, will undoubtedly suggest 
visions of catastrophe, courts and coroners; and, in 
view of liability to casualty, fretting at joints, and per- 
haps surface decay, it may be advisable to use in such 
Btructuies, timbers somewhat larger than the above 
computations indicate as sufficient to withstand deter- 
minate forces. 

But, as an instance of what strength may be obtained 
with very small timbers, properiy proportioned and 
put together, it may be here stated that a model of a 
20 feet truss, upon a scale of 1 to 12, constructed as 
above expliiiiied, of ^" X /j" braces and chord, bore 
■without material injury, 3501b3. at the centre, equiva- 
lent to 7005)S, distribuled, and representing 700x144 
= 100,"800fts. upon one truss, or over lOO net tons upon 
a 20 leet bridge ; being some four times as much as a 
single track rail road bridge of that span is usually 
eubjected to. 

With regard to the proper size of transverse beam, 
the formula (see rule [cxi.li]), ^'"'"''-'^ =.'W, (^represent- 
ing area of section, d, depth of beam, I, length between 
supports, and W, the load in the centre), gives a — 
iS" '^''^"' "^^"""'"S ; = 15', W = 7,500iba. (= 
15,000^8. distributed), and d= 14"; we have a — 
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i^(^o '^1^^ *" ^^'^ square inches ; which divided by depth 
(f/), in inches, gives thickness {(), = 7 inches nearly. 
Or the formula / == ^ gives the required thickness 

directly. But in this case, i and rf must express length 
and depth in inches, since the co-efficient of d (1,000) 
refers to square inches of section. Otherwise, the co- 
efficient must he multiplied by 144 to make it refer to 
the square foot of section ; in which latter case the 
value of t will be obtained in feet. 

In tlie case of beams to sustain rail road track, we 
may let U = length of beam exclusive of the portion 
between rails, and W = weight upon the 2 rails. If 
r = 120" and W = 25,00Oa)S., and d =. 14" the above 

formula becon.es, t = ^Jg^ - ^^^ = 15.3 iu. 

Three Panel Truss. 

CLIX. A three panel truss bridge of wood may be 
constructed upon the plan shown in outline by Fig. 7. 
The main braces a6 and aV may connect with the chord 
in the same manner as in the two panel truss described 
in the last section, and illustrated by Fig. 60; while 
the upper end may be square, and the whole bevel to 
form the angle abb\ given to the member 66'. Or, the 
bevel may be upon both members; in which case the 
saddle plates at 6 and 6' should extend over the joint, 
60 as to throw a part of the weight directly upon the 
brace. In case the bevel be all upon 66', the saddle 
need not bear upon the brace. 

The counter braces in the middle panel may box 
into the chord and the horizontal 66', in the manner 
sliown in Fig. 62, either by tlie black or the dotted 
lines ; the upper end of the counter toeing against the 
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end of the main brace, when the form of connection 
shown by the bhick line is used. 

As the counter braces cross, or meet in the centre of 
the panel, one may be in two pieces thrusting into the 
other as at c Fig. 62 : or one member may be in two 
full length pieces, and the other a single brace between 
the former, of such width vertically, as to possess tho 
required cross-section ; say 2J" X 6" for the out3ide, 
and 4x8 for the middle one, and the whole connected 
by a small transverse bolt at the crossing. 

Fig. 62. 




The stresses of the several parts of the truss may be 
determined in the manner explained in section xviii, 
and the timbers proportioned accordingly, and in con- 
formity to rules in relation to strength of timber [cxL 
and cxLi]. For a truss of 30 feet to carry a gross load 
of 15,000ft)s. to the panel, with a horizontal reach of 
brace equal to twice the vertical — chord and *' strain- 
ing beam," (66', Fig. 7), should be 7'' deep x 9" wide ; 
main braces 8" X 9". Counter-braces buinij 8ul)iect to 
only one-third of the movable panel load, may properly 
be 4 X 8 or 5 X 6, if one be severed at the crossing, or . 
as above specified, if one member be in 2 fall length 
pieces. 

Two counter-braces might cross one another side by 
side, but this would not produce a well balanced action. 
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Bridges of this length of span are, moreover, often 
built with counter braces omitted, for common road 
purposes. But such practice is defective, unless extra 
depth of section be given to the lower chord, so that 
its stiffness may transfer a portion of weight over the 
quadrangular middle panel ; and in no case is it ad- 
visable to dispense with counter braces in a rail road 
bridge of three panels. 

Beams may be suspended by divergent bolts as in 
Fig. 61, and bolted to the chord; while horizontal X 
ties or braces, as may be preferred, in each panel will 
prevent lateral swaying of the structure. 

The above is probably the simplest and best plan of 
wooden truss for bridges of 30 to 35 feet span. 

Four and Six Panel Trusses. 

CLX. The same general arrangement, with (he same 
kind of connections, in trusses of 4 or 6 panels, accord- 
ing to length of span, may be used with good effect 
for common road purposes, in any length up to 70 or 
80 feet. In such cases, each panel should have one 
main brace, and counter braces may be entirely omitted; 
as the partial movable load is seldom so great as to 
neutralize the action of weight of structure upon the 
main braces. 

In the 6 panel truss, the movable must exceed the 
permanent panel load upon the two beams next either 
end, with no movable load upon the other beams, in 
order to neutralize the constant tendency to action 
upon the central pair of main braces. This is obv-ious 
fromthcfaet that thegreatest tendency to tension action 
upon the latter, is Sio^\ = lio, while the permonent load 
gives a constant opposite tendency, equal to ^w^. 
Should such cases occur, the transverse stiffness of 
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both tipper and low chords must 1)6 
overcome before a collapse could ^ 
take place. In the case of iron^ 
trusses, the chords anb supposed to 
have no lateral stiffness at the 
nodes; consequentlyjcounterbraces, 
or ties, as the case may be, are al- 
ways necessary in one or two panels: 
each side of the centre. 

Fig. 63 represents a Six Panel 
truss, as arranged and recommended i 
by the author 16 or 18 years ago^ 
and adopted by the Canal depart- 
ment of the State of New Tork> . 
for farm and country road crossings 
over the State canals, upon which 
several hundreds of them are in use.- 

The arrangement of upper and 
lower chord timbers, and the diver- 
gent suspension rods, to maintain 
the erect position of trusses, as well - 
as the assignment of correct pro- 
portions to all the parts throughout, 
are believed to have originated with 
the author of this work. 

The lower and longer portion of 
the bottom chord, is usually in two 
pieces, spliced with double locking. , 
and bolting (see Fig. 57), over the 
centre beam. Transfer blocks are 
also inserted between upper and 
lower timbers, to transfer a part of. 
the stress of the longer to the 
shorter portion, and thus diminish 
the strain at the splicinfir. 
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The long portion of the upper chord may also l>« 
in two pieces meeting with squared ends, or with a 
plain half lap, of a foot or so. Transfer blocks or 
packing pieces and bolts should likewise be inserted as 
indicated in the figure. 

. The dimensions of the several members, of course, 
will depend upon the length and depth of truss, and 
the load it is required to bear. It is seen by pro- 
cesses explained heretofore [xL and Lin], that the 
portion of chord under the triangular end panels, and 
also the eudmost sections of the upper chord, are liable 

to action equal to 2JW-, in which expression W =» 

w+xo'^ h = the horizontal, and v = the vertical reach 
of braces. The next sections (top and bottom), are 
liable to 4W-, and the lower chord under the two 

middle panels, to 4JW-. 



The end braces are liable to 2iW y/lc^ + ir'-i-rjthe 
next braces, to (10i«?"+lJ?r') \//(* + v^ -i- r, and the 
middle ones, to (&w*'+hw') V k^ + v^ -i- v\ while the 
verticals are exposed to 2JW for the endmost, IW for 
the middle, and 10 w^' + liw' for the intermediates. 

Now, we have only to assign specific values to w and 
v/^ and to h and r, in order to obtain the actual maxi- 
mum stresses the several parts are liable to, from the 
general expressions just found. 

Let h = 12', and i? = 7' ; which, though not an eco- 
nomical proportion, as we have seen [lxiv], may be 
admissible for bridges of light burthens, givisiiij a better 
appearance, and the structure being less top heavy. 

The weight of a light superstructure of this descrip- 
tion, is 18 or 20 tons — say, w^ = 3,000ft)s. Then, as- 
suming v) = 6.,0001b3, which will be suiiicient for the 
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lighter class of private and country bridges. Then, - ^ 

V = 1,714, and ^//?T^-^ v = 1.984. 

Substituting these values in the above expressions 
for stresses, we have 2J x 9,000 X 1714, =38,565, =- 
tension of end section of bottom chord. For the next 
section, 4 X 9,000 X 1,714 = 61,704ft)3. ; and, for tho 
two middle sections, 69,417ft)3. ; while the compressioQ 

a 

of the two portions of the upper chord, i3 38,565&)S.y 
for the end. and 61,70411)3., for the middle sections. 

The maximum compression of the three sets of 
braces, is 44,653 for the ends, 14,880 for the middle 
ones, and 28,760 for the intermediates. 

The tension of suspension bolts, is, at the maximum, 
for the endmost 22,500, for the middle ones, 9,000 
( =s W), and for the intermediates 14,500. 

The main portion of the lower chord, requires a lap 
at the splice, equal to 10 times its depth, [cxlvi.] 
Hence, the less depth, the less waste in splicing, and 
the more lateral stiffness of truss. But this also in- 
volves greater required section in the lighter braces, 
which become too thin, vertically, to act with advantage 
under compression. 

There is no ready means of determining the exact 
optimum in the ratio of depth to width of timbers in 
this case ; and we shall not err greatly by assuming a 
ratio of width to depth as 3 to 2, or as 4 to 3 ; neither 
to be rigidly adhered to. 

The bottom chord mav suffer tension in the second 
panel, equal to nearly 62,000ft)s., requiring 62 inches 
of net section ; while the second brace has a maximum 
horizontal thrust of nearly 25,000ft)s., requiring the 
severing of 25 inches, whence this part of the chor^ 
should have a gross section of 62 + 25, = 87 inchea 
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This amount may be furnished nearly, bj- a section; of 
8J'' X 10'', 8 X 11, or 7 X 12. Assuming the second,, 
the end braces should be 8J X 11, the next 7 X 11, and 
the middle ones, 5J x 11. 

We have seen above, that 62,000ft)8. of tension, are. 
communicated to the long timbers of the lower chord, 
while the splice at the middle is only good for 500ft)8», 
to the inch of gross section, being 44,000ft)3. ; thus 
leaving a deficiency of 18,000ft)s. to be sustained and 
njade up by the upper timber. In the mean time, 
the middle braces exert about 8,000ibs. of horizontal., 
action upon this piece, under a full load of the truss, 
and near I3,000ft)3. at the maximum action of those 
bi^aces. Hence that timber should have a mininum 
net section of 26 inches, + 18 inches to be severed for 
the insertion of transfer blocks. The timber should 
therefore be at least 4" deep. 

The transfer blocks should be If" thick, in this case, 
and 15 or 16 inches long, and be well fitted in position 
as indicated in Fig. 63. This mode is preferable to that 
of using blocks twice as thick, and letting one-half into 
each timber by a square boxing; because it leaves a 
larger section of timber opposite the middle of the 
block where bolt-holes are required. Othervyise it 
would be necessary to provide additional gross section 
on account of bolt holes. The same reason applies in 
the case of braces toeing into chords, &c. ; where the 
boxing, instead of being as deep at the heel as at the 
toe of the brace, should taper out to nothing at the heeU, 
See black line at foot of counter brace c. Fig. 62. 

This case has been given in pretty full detail, since, 
the plan seems to merit, as it certainly enjoys, a high 
degree of popularity, for small bridges for ordinary nse- 
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By- increasing the depth to at least Jth of thelengfti 
oftruBSy inserting counter braces in the two middle 
panels, and proportioning members to the respective 
strains to which they are liable ; this plan is undoubt- 
edly well adapted to rail road purposes in spans from 
50 to 70 feet in length. 

For greater spans than 70 feet for rail roads and 80* 
for common roads, higher trusses, with top connections 
and lateral bracing or tying, should undoubtedly be 
adopted. 

CLXI. The bridge usually designated asBeardsley's /\ ^ 
Bridge, is identical with the one shown in Fig. 63, ^"^ i 
moditied by the substitution of iron bottom chords, ' 

composed of two parallel rods (to each truss) in 5 pieces 
or parts corresponding in size with the stresses of 
chords under respective panels. The middle and 
largest part extending under the two middle panels, 
and the others, each under one panel only. 

These pieces or parts, being connected by turn-buck- 
les, or screw couplings, pass through cast iron shoes, 
into and against which the several braces toe and 
thrust; the shoes being prevented from sliding out- 
ward upon the rods, by the couplings. 

The shoe should in all cases be so formed and located 
that the axes of action of chord, brace and vertical, 
meet at the same point, as it regards the intermediates, 
while as to those upon the abutments, the axes of chord 
and brace should meet over the centre of bearing upon 
abutments. 

This arrangement (understood to have been the sug- 
gestion and devi^ of Mr. Geo. Heath), gives very sat- 
isfactory results, and the only practical question with 
regard to it, as compared with the one with wooden 
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chords, seems to be merely one of economy and con- 
venience. If suitable timbers for chords can be readily 
and reasonably obtained, it is thought to be quite as 
advantageous to use wooden chords. 

The Howe Bridge. 

CLXII. A very popular plan of wooden bridges, 
which has, in fact, superseded most others in New York 
and New England for rail-road purposes from the time 
of the introduction of the rail road system, is known 
as the Howe Bridge, 

The trusses have upper and lower parallel chords, 
together with main and counter braces, of wood, tied 
vertically b^ wrought iron tension rods from chord to 
chord, the principle of action being the same as in the 
plan shown in Fig. 63. " -y^ q, <\ 

The braces act upon the choi^ds and verticals through 
the medium of cast iron shoes or skewbacks, with ribs 
or flanges let into the chords to a suflicient dei»th to 
sustain the horizontal thrust of braces, and with tubes, 
or hollow processes, square externally, and having 
round holes to receive the vertical bolts. These tubes 
project downward through the lower, and upward 
through ufjper chord, between the courses of timber 
composing the chord, being boxed into the timber on 
each side of the tube, so as to leave about a.n inch be- 
tween adjacent courses for ventilation; the tubes, ex- 
tending through the chords, reach an iron plate ujion 
the opposite side, which serves as a washer, or bearing 
for the nuts of the suspension bolts. 

By this means the vertical action of braces is brought 
directly upon the verticals, without a transverse crush- 
ing action upon the chord timbers. 
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The chords are formed of 8 or 4 courses of timber 
side by side, with a depth equal to two or three times 
the thickness ; the joints in the several courses being 
so distributed that no two courses may have a joint in 
the sarae'panel when avoidable. 

Fig. 64, represents a side view in the upper, and a 
top view in the lower diagram, of a portion of the bot- 

FiG. 64. 




torn chord. At t is represented a view of the tube of 
the skewback as it would appear with the outside chord 
timber removed ; at m m, the seats of the main hracetf^ 
and c, the seat of the counter brace. Over a^ h • 
clamp, or lock piece, and bb^ are trati^fer blockii, or 
packing pieces, to secure the joint, and transfer the 
strain from one to another of the chord tirabeni, Tb4^ 
transfer blocks may be placed obliquely as at ft, or 
straight, as at I/. The latter u the more o.%!ial, bat 
the former leares the greater section of timber at tbi; 
point where the bolt boles occar. 

The braces are OAoally placed mtb a hcmzrmt^} abotfi 
half as great as the: vertical reach, and exfendmjjf aetfym 
one panel onTy^ CJocpnter braces med fbron jfh/mf, and 
the opper cHord rriade of eqnal Iei>gfb with the lo^er^ 
giving the truss a rectangular^ instead (4 a Trapet- 
soidal Ibnxw 
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Now, it is obvious that in a rectangular trass, as 
leprcsented iu Fig. 52, the end posts, and one panel- 
length of the upper chord at each end, as well as one 
jcounter-brace, are entirely useless, as it regards sus- 
taining weight of structure and load. It will readily 
]t>e seen, moreover, that no counter-braces except those 
<^f the two middle panels, in the 8 panel truss. Fig. 52, 
have any sustaining action, unless the variable exceed 
4 times the permanent load of the truss. 

It is furthermore manifest that there is a large 
amount of surplus material in the portions of lower 
chord toward the ends ; the tension of that chord being 
in the several panels, proceding from the end (in the 
ease of Fig. 52), as 3J, 6, 7J aad 8. Hence, over one- 
•'fifth of the material in a chord of uniform section, is in 
excess. 

But the greatest sacrifice of economy in the Howe 
Bridge as usually constructedy results from the steep pitch 
of the braces. For, while, as was seen [lxviJ, braces 
act with about the same economy at an inclination 
giving a horizontal reach equal to the vertical, as when 
the former equals only one-half of the latter, that is, 
with h — v and h =« Ji;, it was shown in the succeeding 
section, that the action upon verticals was nearly twice 
as great in the latter, as in the former case. For in- 
stance, suppose Fig. 18 to represent a. 16 panel truss, 
.with thrust braces and tension verticals. Estimating 
successively the action upon verticals with diagonals 
crossing two panels, as in Fig. 18, and the same with 
diagonals crossing but one panel, we find the action 
over 85 per cent more in the latter than in the former 
case. 

With regard to chords, the horizontal effect is essen- 
tially the same in both cases, while the vertical thrust 
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of braces, being but little over half as great with the 
long, as with the short horizontal reach, may be sus- 
tained by the timber of the chord, thus obviating the 
necessity of tubes extending through the chord from 
lh« cast iron skewback; and furthermore, may enable 
the iron shoe to be dispensed with altogether, in many 
cases. Hence would result a still further saving in ex- 
pense, as well as in weight of structure. 

Take, for example a brace 10" square, capable of 
resisting a tnrust of 50,000ibs. in the direction of its 
length, and a vertical pressure of 35,000ft)s. when in- 
clined at 45°. Whether the end be cut as at rf, e, or/ 
(Fig. 64), it covers a horizontal area of 141 square 
inches, giving a square inch for every 250Ibs. of vertical 
pressure. This does not much, if any, exceed the ca^ 
pacity of timber for resisting transverse crushing, as 
estimated in section cxliii, when acting upon a portion 
of surface so limited with respect to the whole. 

Perhaps, however, the propriety of dispensing with 
the iron shoe, should not be too strenuously urged. 
But there seems to be little excuse for incurring the 
sacrifice of iron required in suspension bolts in case of 
the steep braces, over what is required with tlio greater 
inclination. The interference of bolts with braces, 
when the 1 itter reach across two panels, is perhaps the 
greatest obstacle in the way of adopting the latter ar- 
rangement; and this may be managed by either pass- 
ing the bolts through the intervening braces (which 
does not materially impair their strength, when sup- 
ported at intervals by counter-braces), or between 
main and counter braces, as may soem most favorable 
in respective cases. 

In view of the above considerations, the author can 
not avoid regarding the usnal pradicc in tfjo construc- 
tion of Howe Bridges, as decidedly faulty. 
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Trapezoid without Verticals.* 

CLXIII. This form of truss, Figs. 13, 15 andl9,haa 
been eliovvn [xliv, &c.], to be liable to a less amount 
of action upon materials, in sustaining a given load 
under like general conditions, than any of the other 
forms analyzed in this work; and this advantage may 
be made practically available in wooden bridge con- 
struction, by a system of chords and diagonals con- 
nected by transverse iron bolts and pins at the nodes 
of upper and lower chords. 

The lower chords should be proportioned in their 
several jmrts, nearly in accordance with the stresses to 
which such parts are liable. This may be accomplished 
by a pair of parallel courses of timber of uniform sec- 
tion upon the outsides of the chord from end to end, 
placed at such distance asunder as to admit the ends 
of diagonals between them, and also, to admit of addi- 
tional courses of chord timbers upon the inside of the 
former, to be introduced as required toward the centre, 
to give in each panel a section of chord, proportional 
to the computed strain for such part. 

The pieces composing the several courses, may 
be spliced with the double lock. Fig. 57, usually with 
the centre of the splice at the nodes, or connecting 
points of chords with diagonals; no two splices in the 
same half-chord to occur at the same node. 

The upper chord should be increased in section by 
enlargement of the section rather than the number of 
courses. Or, in some cases, timbers may taper in 
thickness toward the ends of chords, either upper or 

* The characteristic of this truss, is not that strictly speaking it lias 
no \ertical members, but that there is no prencral alternate transfer of 
Weight from diagonals to verticals, and the contrary. 
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lower. For instance, if 5'' in thickness be sufficient 
in the end panel, and 7" be required in the next, a 
timber extending over the width of two panels, 6" at 
the smaller, and 8" at the larger end, will answer the 
requirement with perhaps less waste of timber and 
labor than would suflSce under a dificrent arrangement. 
But such matters must be left to the judgment of the 
designer. 

The upper chord acting by compression, the timbers 
may be connected by a halt-lap of IJ or 2 feet at the 
nodes, where the main connecting bolts will secure 
the ends. 

The diagonals which act principally by compression 
(represented as the narrower ones in Figs. 65 and GQ)^ 
may be in pairs, while those mostly exi)0sed to tension 
(the wider ones), may be single, and placed between 
the former. Thus usually three pieces are united at 
each node* 

Fig. 65. 



C\/^ 




In some cases where the thickness of diagonals ex- 
ceeds the space between half-chords, the thrust dia- . 
gonals may be shouldered to fit a boxing upon the in- 
side of the chord; as- by either of the vertical dotted 
lines, Fig. 65, Sometimes also, the boxing may ex- 
tend through the whole depth of the chord, so as to 
require no cutting of the diagonal ; and again, the 
thickness of the diagonals may be reduced in the parts 
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between chords, and no cutting of chord timbers re- 
quired. 

When cutting of timbers becomes necessary for pur- 
poses as above, it should be in the parts where the 
greater surplus over the necessary net section occurs, 
whether in chord or diagonals. Every part should 
have a square inch of net available section for each 
l,000ft)s. of tension, and a square inch of bearing upon 
bolt, pin, or shoulder, for each l,000ft)s. of either ten- 
sion or thrust to which the part is liable; and the 
bearing upon bolts and pins should be estimated «b 
equal to the diameter multiplied by the length of bole 
througli the piece ; or, equal to the section of tiniber 
severed by the hole. 

CLXrV. Fig. 66 is a general representation of the 
half of an 8 panel truss, suitable for a 100 foot common 
road bridge. Let v = 14', = distance between centres 
of upper and lower chords, and h = 12J', = horizontal 
width of panel. Then, assuming w = 10,000ft)S. 
(= movable panel load), and w' = 4,000flbs. (= perma- 
nent panel load), we have - == .893 (nearly), and d = 

18.77' = length of diagonal ; whence, - = 1.34 ; and, 

computing the stresses of the several parts and mem- 
bers by the process explained in sections [xliv, &c.,], 
the maximum vertical pressure at a equals 49,000Hbs. 
giving a longitudinal compression upon a«, equal to 
65,660ibs., and a tension upon ab, equal to 43,750ibs. 

For the double member ai^ 8" X 9'' timbers are suf- 
ficient; while 4"xl2'' (in each half), would answer 
for ab. But to give greater transverse stiffness for 
supporting floor timbers, it is preferred to have the 
outside course of lower chord timbers 5 X 12 inches. 
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The piece hj having no office but to fill the space at 
b, and to give support to ai, may be of any convenient 
dimensions. 

The maximum tension of other portions of the lower 
chord is, for be, 56,250; for erf, 81,250, and for de^ 
93,750ft)s. For the upper chord, we have compression 
of lA, hg and (jf, 62,509ft)s., 87,500ft)., and 100,000ft)s. re- 
spectively. 

The diagonals and verticals are liable to maximum 
tension and compression as shown in the following 
statement; and may properly be of dimensions as 
marked opposite each in the right hand column below ; 
in case of double members, the figures indicate the 
width and thickness of each. 



Parts. 


Tension, lbs. 


Compression, lbs. 


Cross Section, inches. 


bi 


28,000 


■ 


double 3 X 11 


ci 


28,140 




single 5x12 


dh 


20, +35 




'' 4 X 12 


^0 


12,730 


670 


'' 3 X 11 


M 


6,700 


6,700 


d. 3x 6 


yc 


G70 


12,730 


*' 3x 6 


hb 




20.425 


'' 31 X 7 


ia 




65,660 


'' 8x9 



The inside course of lower chord timbers may be — 
a 4'"' X 12" piece cxtcMiding from d across the two mid- 
dle panels of the truss, spliced at each end to a taper- 
ing piece 4 X 12 at d, and 2 X 12 at 6 ; and consequently, 
3x32 at c. Then, leaving a space of 8" between half 
chords at d and e, we have 10" at c, and 12" at h. 

Each half of the upper chord sliould be 8'' X 12", in 
the two middle panels, and placed 9" apart; connect- 
ing with a tapering piece each way, from 8 X 12 at^^ 
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to 6 X 12 at i; where the end should be beveled to a 
line bisecting the angle aih, and abut against a beveled 
shoulder upon the upper end of the king brace ai. 
The king brace is also cut away upon the inside, leav- 
ing only 1" in thickness, to make up, with bi and ic^ a 
thickness equal to the space (13") between the half- 
chords at L 

The parts thus meeting at i are to be fastened by 2 
transverse bolts of at least 2J" in diameter. These 
afford the requisite square inch of bearing surface for 
each l,000ft)s. of pressure, with an unimportant de- 
ficiency for the member ic, which may be eked out with 
a 1" pin through 6i and ic only, if thought advisable, 
thus giving 55 square inches for vertical and diagonal 
together. 

These members should extend at least 14" beyond 
the centres of holes. 

At h and ^, the three diagonal pieces just fill the 
space between chord timbers, and require at A, two 
bolts and one plain pin of If" in diameter, and at^r, 
the same number &c., of If" diameter. The diagram 
shows only two bolts at each connection. 

At the point /*, where two pairs of braces meet, one 
pair may be cut off at the meeting, and a 4 by 6 inch 
piece introduced, lapping 2 feet between the cut pieces 
(reduced each J inch in thickness, inside, to the extent 
of the lap), and secured by 2 bolts and 1 pin of 1" 
diameter; the upper end passing between the opposite 
braces, the latter being boxed J" inside, to afford room 
for the 4" piece; and the whole secured by a single 
If" or If" bolt through chord and braces. 

The connections at the lower chord are somewhat 
more complicated, but involve little difficulty. The 
best connection at a, is made by cutting a vertical 
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shoulder or heading |" deep, upou both sides of the 
half chord, as shown by the vertical dotted line in the 
diagram A, Fig. 66; the brace being forked with 
counter shoulders upon the inside. This aftbrds 36 
square inches of shoulder surface, which, assisted by 2 
bolts of 1" diameter, give 50 square inches, to with- 
stand less than 44,000ft)s. The end of the brace is 
thus made to bear directly upon the abutment without 
any crushing action upon the chord. 

At 6, the space in the chord is 12", while the verti- 
cals descending parallel, would occupy ir'. But giv- 
ing a divergence of 2 J", and boxing |" upon the inside 
of chord timbers, leaves a space of 6J" between verti- 
cals at b. Then, boxing bh J" upon the inside at the 
crossii^g with ie, there will be a 3" space between 
braces bh at 6, and a. thickness of 4 J'' (of the pieces bh) 
between the verticals bi; also, a shoulder of 1^" upon 
the outside, which may be made to act vertically in a 
boxing upon the inside of bi, thus securing the requi- 
site bearing surface for the thrust of bh. Thus ar- 
ranged, the point should be fastened with 2 bolts and 
1 pin of 1|" diameter. 

The piece bj will have 3" in thickness at 6, and will 
be furred out, if necessary, to fill the space at J. 

The space at c is 10"; and, eg being shouldered J'' 
at the upper side of the chord at c, and boxed J" at the 
crossing with hd^ the point c may be secured by 2 
bolts and 1 pin of 1|'' or 2" dinmeter. 

A J" boxing of df at d, upon the inside, leaves a 
thickness of 9", being 1" greater than the space in the 
chord, and the pieces df therefore require a farther re- 
duction in thickness upon the outside between chord 
timbers, of |-" upon each. The point d, requires If" 
bolts and pin. 
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The two single diagonals meeting at e, may be 
halved into one another at the crossing, and a 3x11 inch 
piece lapped and locked on to each, as shown 
by a a in Fig.67 ; thus serving to fill the space 
in the chord, and to restore strength to the 
diagonals. The lap pieces are to be reduced 
to 2J" in thickness below the lock at L 
Two 1|'' bolts are sufficient at the points. ^ 

Transverse joists, or floor beams may 
be placed upon, or suspended below either 
the lower or upper chords. Sway bracing 
may be locked and bolted upon the upper 
chords, and iron X tie rods used at the lower 
chords ; the beam timbers being shouldered 
against the inside of cords, so as to strut 
them apart against the action of the ties. 

Angle braces from the king brace ai, to a transverse 
beam from truss to truss at i, will aid in preserving the 
erect position of trusses. These braces should usually 
be lapped and bolted at the ends, so as to act by either 
tension or thrust 

The preceding specifications, it is hoped, will serve 
to make the peculiarities of detail in the kind of truss 
under consideration, properly understood. It may be 
deemed advisable to adopt the rectangular, instead of 
the Trapezoidal form of outline for the truss, by extend- 
ing the upper, to the same length with the lower chord, 
inserting vertical posts at the ends, and exchanging the 
double vertical bi, to a single diagonal meeting the up- 
per chord and end post at their point of junction ; thus 
simplifying the connections at b and i 

This modification, unlike the case of the trapezoid !i?z7A 
verticals, involves no increase in amount of action upon 
materials, though it increases the number of members, 
and changes the manner of distribution of the action. 
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MODULUS OF STRENGTH, FOR BRIDGE 

TRUSSES. 

It is shown iu preceding pages of this work, that, 
knowing by experiment the strength of the materials 
to be employed, we may calculate the necessary cross- 
section of each part of a bridge truss, in order that it 
may sustain a given load, with a given stress upon the 
materials. 

It is sometimes, however, a satisfaction to have a 
confirmation of the correctness of our calculations, by 
direct experiment upon the same combination com- 
plete, which we propose to employ for actual use. For 
this purpose, instead of applying the test to a full sized 
Btructure, which would involve a great deal of labor 
and expense, the test may be applied to a model, made 
in the true proportions, upon any scale. 

Now, it is obvious that with the same combination 
and arrangement of members, the stresses, whether 
positive, negative or transverse, produced upon the 
several parts by the acting forces, will be in proportion, 
throughout, to the weight sustained, whatever be 
the length of pieces ; such stresses being determined by 
the positions and angles, and not by the lengths of 
pieces. 

It is further manifest that the ability of parts to 
withstand the effects of the acting forces, must be as 
the cross-sections of parts respectively ; and in similar 
models^ the parts, being similar solid figures, have their 
cross-sections as the squares of the magnitude of scale 
upon which they are respectively constructed, while 
the bulk and weight of each corresponding part, and 
of the combinations complete, are as the cubes of the 
magnitude of scale. 
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TbeQ, assuming two similar models, th^ scale pf oae 
being m times as great as that of the other, the woightf 
which thejr will respectively bear, under the BSLta^ 
stress of material, will be as W to Wm\ while their re- 
spective weights will be as 1 to mK 

Kow^ dividing the sustaining power of each ^y itf 

ml 

own weigh t,the quotients are as W toW -^ or as W to 

— . B«t the lengths being as L to Lw, if we multiply 

the quotients just found by respective lengths, we have 
WL for the one, and Lm W -s- m, = WL for the other ; 
showing tbat the length of a model truss by the num- 
ber of times its own weight which it can bear (with a 
given stress), is a constant quantity, whatever be the 

scale of such model. 

w 

Again, the quotients W, and — , multiplied by the 

lengths L and Lm, give the products WL, and --- X liNii 

equal to WL. Hence, the product of a truss medal into 
the number of times its own weight which it is able 
to sustain, is also constant, whatever be the reladva 
values of the two factors. 

It follows, that making these two factors yarLable, 
and representing them by Q and L, the one ipicreasef 
at the same rate at which the other is diminished ; aai 
when Q =* 1, L must be equal to the greatest length 
at which a truss of the same plan and proportions, an^ 
under the same stress of materials, can sustaia its ow^ 
weight alone. 

This length, as we have seen, is determined for a 
model upon any plan, constructed upon wliatever scale, 
by multiplying the length of model by the number o^ 
times its own weight it is capable of sustaining. 
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This product may be called the Modulus of Strength, 
and the plan of truss which gives the largest Modulus, 
may fairly be regarded as the strongest plan. 

The Modulus may refer either to the actual break- 
ing load, as found by experiment, or to the load pro- 
ducing given rates of strain upon materials, as 
determined by calculation. 

Examples. 

(1). A bar of cast iron 1 inch square and 12" between 
Bupports, will bear (at 6,000Bb8. to the inch of section, 
upon a leverage equal to depth of beam), a distributed 
load of 4,000ft)s. which divided by its weight, = say 
8.12ft)s. gives Q = 1250 ; and L being I foot, the Modu- 
lus = QL, = 1,250 feet. 

(2). A beam of pine timber 12' long and 6" square, 
at l,500ft)S. to the inch upon a leverage equal to depth, 
as above, bears a distributed load of 18,000ft)8. [cxlii.] 
For the weight, say 3 cubic feet at 36fbs. = 108ft)S. ; 

whence, Q = -3^5— = 166.6, which multiplied by L 

(= 12') gives Modulus equal to 2,000 ft. 

By reducing the length of the beam just considered, 
to 6 feet in length, retaining the same section, it would 
give a Modulus of 4,000 feet, instead of 5,000, as given 
in the Appendix to my former work ; the difierence 
arising from the assumption of a smaller specific 
gravity for pine in the latter case. 

(3). The two panel model with chord and rafter 
braces, mentioned in the latter part of §[clviii], 20" 
long, and weighing O.lSib. supported a load equiva- 
lent to 3,885 times its weight, while L = If feet; 
whence, 3,885xl| = 6,475 feet, = its Modulus. 
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(4). A model wooden truss 4 feet long, made many 
years ago by the author, on the plan of the truss Fig. 
66, having 10 panels, and a depth equal to jV of its 
length, weighed 0.91bs. and bore a distributed load of 

AAA 

600fi>s. Hence, the modulus of tlue truss was aa X * 
=« 2,664 feet, being more than half a mile. 

The model was somewhat strained but not broken; 
and recovered its normal shape and condition on re- 
moval of the load. It was subsequently sent to the 
U. S. Patent Office. 

These examples, however can not be taken as in- 
dices to the relative merits for general use, of the 
different forms of truss to which they refen Each 
possesses qualities suited to special occasions. 

(5). A model of a 6 feet Trapezoidal Iron Truss (the 
first ever constructed), weight a little less than three 
pounds, sustained 700fibs. distributed, without any ap- 
pearance of overstraining ; thus showing a modulus of 

J^ X 6 s= 1,400 feet, with an estimated stress upon the 

chord, at the rate of about 16,0001bs. to the square 
inch. The model represents a truss of 144 feet, upon 
a scale of | inch to the foot. The sustaining power of 
a full sized truss in the same proportions, would be 
700 X 24*, « 403,200ft)s, while the weight of truss would 
equal 3 X 24* = 41,472as. Doubling this for two 
trusses, and adding, say 10,000feSc for beams, Ac, we 
have 92,944ft)s. for the weight of a 144 feet bridge, 
capable of sustaining, at a stress of 16,0008)8. to the 
square inch upon the chords, over 356 net tons bcsida 
weight of structure. 



DRAW BRIDGES. 

CLXV. The present is undoubtedly distinguishable 
from all preceding periods of history, by the increased 
amount of locomotion, both of persons and property^ 
which takes place both by land and water. Hence, 
the frequent crossing of one another by land and water 
lines of transit, as well as the crossing by the former 
of unnavigable waters, and of streets and ravines, 
creates a large demand for the construction of Bridges ; 
which forms the special subject of the present volume. 

Furthermore, as convenience often requires thafe 
these intersecting lines by land and water should oo 
cupy so nearly the same elevation that both can not be 
used at the same moment, a necessity arises for the 
frequent construction of Draw Bridges, which may ba 
temporarily withdrawn from over the water highway 
during the passage of water craft, and replaced for the 
transit of land vehicles. 

Canes requiring the construction of draw bridges 
occur so frequently at the present day, that a treatise 
upon bridge construction may be considered somewhat 
incomplete, which does not embrace the construction 
of Draw Bridges^ as well as stationary structures. 

The subject of Draw Bridges having been omitted 
in the preceding edition of this work, it has come to 
the knowledge of the author that such omission has 
occasioned disappointment to some who have made 
use of the book. In consideration of this, as well as 
the fact that the author has originated some plans and 
ievices which he believes to be valuable and useful in 
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Its centre of gravity, or npon wheels or rollers running 
upon a horizontal circular way or track i(^ with its 
centre in said vertical line ; or what is more common, 
the weiglit is divided between a central pivot and the 
track and rollers. 



Fig. 70. 



I 






•p \t 



It will bo seen that by this arrangement, the draw 
has only to be gyrated through a quadrant, to bring it 
to a position parallel with the side of the navigable 
channel C, and leave the latter unobstructed. It is also 
obvious that the draw having its centre of gravity at P, 
the moments (with respect to P), of the portions or 
arms on o[jposite sides of P, must be equal, whatever 
be the relative lengths of those portions; whence, in 
general, the length of arm spanning the water channel 
being given, the shorter the other arm, the greater 
must be its weight, though the exact proportion will 
depend upon the disposition of material, whether near 
or remote from P. 

It follows that it is usually little if any more expen* 
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eive to construct or work a draw tvith two eqnal arras, 
and covering two eqiial water channels (which is oflea 
highly advantageous), than one having one short arm, 
witii extra wciglit as a couttterpoise to the long arm. 
This is not the t'ase as to the retractile draw, which 
dhows one advantngiB in favor of the pivot draw. 

Equal arms also serve to balance the action of wind 
tipon th6 pivot draw, which often effects a serious 
drawback to the convenient working of the swing 
bridge, and this would seem to give some advatitage 
to the retractile draw, over the swing draw with line- 
qual amis. 

The portion extending over the water channel, in 
both the retractile and the swing draw, require the 
same weight of material, and the sathe counterpoise 
toward the opposite end. Consequently, the weight 
to be moved in workins^ the draw, requires to be about 
the saVne in bolh. But the retractile is to be riioved 
bodily, and if withdrawn obliquely at 45° with its 
longitudinal axis, must move through a space equal to 
the width of chatinel multiplied by \/2. If withdrawn 
in the direct line of its length, it moves over the width 
of channel, in additicm to the movement required for 
the displacement of the section of road {a. a\ F. 69), 
equal in length to said width of channel, making an 
amount of movement about equal to that required in 
case of the oblique withdrawal. 

The swing draw, gyrating about its centre of gravity, 
the amount of movement equals twice the weight of 
the long arm (the one spanning the water channel), 
ihoving through the quadrant of a circle with a radius 
dqiial to the distance of the centre of gravity of said 
long iarm, froni the centre of motion ; which distance 
b about 55 per cent, of the width of channel, allowing 



824 Bridge BuiLDiNa. 

for the distance of the centre of motion back from the 
water's edge. The length of the quadrant equals 
about 1.57 Rad., and, denoting the width of channel bj^ 
C, and substituting 0.55C for Rad., we have 1.57 X 
.650 X 2vvt. of long half of draw, = quantity of move- 
ment, = 0.8635C X wt. of draw ; assuming the weight 
of draw to be equal to twice the weight of the long 
half If the short arm be heavier than the other, the 
space traversed by its centre of gravity is less in like 
proportioi!. 

Hence, the quantity of movement in working the 
retractile draw, is to that of working the swing 
draw, about as C%/2 to 0.8635C; being some 63 
per cent, greater for the former than for the latter. 
The dittcrcnce in the required power for working the 
draws respcctivel3% may bo assumed to be about the 
same, as the ap[)liances for effecting the movement 
have al)()ut equal advantages, and the resistance to mo- 
tion is about the same in tlie two cases. 

Tliis decided advantage in favor of the swing draw, 
with no apparent oft'set in favor of the retractile, is 
sufficient to account for the prevalent discardnient of 
the latter, and adoption of the former; as well as for 
its beinix here referred to as an obsolete device. 

CLXVIII. The truss work of the swinj]: draw when 
in motion, being entirely supported by the pivot at the 
centre of motion, and the wheels or rollers a few feet 
therefrom, obviously snfters a reversed action in the 
upi^er and lower members, from wliat they would 
suffer if supported at the ends. That is, in the former 
case, the upper members are exposed to tension, and 
the lower, to compression, instead of the reverse, 
which takes place in the latter case. 
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Two plans have been employed for meeting these 
c mditions ; one of which is the use of parallel chord 
trusses, with the upper chord to sustain tension with 
occasional compression upon the end portions, and the 
lower chord to sustain compression, with occasional 
tension upon parts toward the ends. 

CLXIX. The other plan is, the construction of 
trusses (ab Fig. 71), from the turn table t, to either end, 
acting upon one another by compression at the lower 
chord through or over the turn table, and sustained at 
the outer ends by oblique suspension rods or cables, 
eb and/c/, descending from tower frames erected over 
the turn table. 

Fio. 71. 




The trusses may be constructed upon any plan suita- 
ole for a stationary bridge of like span. But the lower 
chord must be capable of sustaining compressive action 
in the direction of its length, equal to the excess of 
horizontal force of suspension rods eb and /</, over the 
tension of respective parts of said lower chord, due to 
weight of structure. 

The horizontal action of eft, equals half the weight 

of the long arm ab, multiplied by ^, and it is advisable 
that the chord gb be able to sustain that amount of 
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compi'ession throughout, though some deduction may 
be made in the central portion in case economy can be 
promoted thereby, as perhaps may not be the case to 
any considerable extent. 

The lower chord ^6, is relieved of tension through- 
out its whole length by the action of e6, which must 
continue nearly or quite at its maximum while loads 
are in transit, as the end b will seldom be raised when 
unloaded, so as to relieve eb to any considerable extent 5 
while the tendency of load to elongate the lower chord, 
w411 also tend to increase the tension f6, and may in-r 
crease it considerably beyond what it endures from 
simply sustaining half the weight of the truss. But 
this point can not be precisely determined. 

These facts may properly be considered in propor- 
tioning the lower chord ; but the matter should be 
handled with caution, and with a copstant leaning to 
the side of safety, in case of any uncertainty in regard 
to tlie amount and kind of stress upon the various 
parts. 

Ill case of unequal arms, as represented in the Figure, 
the sliort arm will genemlly require a greater weight 
to he thrown upon the king post /A tlum upon eg, upon 
whic^i two (regarding at present on!}' one side of the 
bridge), the weight of superstructure is concentrated. 
It tluH'cfore becomes necessary, in order to a uniform 
distribution of weight upon tlio turn table, that a por- 
tion of tliis excess be transferred from /A to eg, through 
the tension of ce and ha^ or by equivalent means. But 
assumiiis: that the reader is versed in the o^eneral modes 
of calcnhiting strains, as explained and illustrated in 
this and other works treating of the subject, I shall 
not go much into detail in that branch of the matter 
in hand, at this time. 
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The trusses being constructed upou any approved 
plau from turn table to adjacent abutments or piers, 
and proportioned as for stationarj bridge spans, with 
the exception of the rigid lower chord as above re- 
ferred to, extending across the turu table; and the 
tower frame erected, the rod or cable eb must have sec- 
tion sufficient to bear a tension equal at least to half 

the weight of the arm ab, multiplied by -. The rod 
fd will have tension determined by the disposition and 
amount of ballast upon the arm cd, as well as the 
weight of the arm cd itself. The tension of fd will 
generally exert less horizontal action than eb, and the 
deficiency of horizontal action must be made up by 
the horizontal action of ec and aL in order to brinor 
the centre of pressure over the centre of the table. 
The horizontal action of ^ (equal to its full tension), 
must be equal to that of eb, less that of ec ; or, equal to 
the horizontal action of fd. 

But these several stresses are easy of calculation by 
modes, it is believed, clearly explained in the present 
work, and from such calculations the following results 
are readily obtained. 

CLXX. Representing the constant panel weight of 
the arm ab by ?«;', the maximum variable panel load by 
Wy and w+io' by W, as usual in this work ; also, making 
V = ag, = (le, and h = horizontal panel width, we have 
the horizontal action of 6:6 equal to 5?(?'x-^-,=25/6''- . 

The stress of gb due to a maximum gross load, in the 
two middle panels, equals 11W-. That in the next 

ft _ h 

panel each way, = 9W— , and in the next, 6|W-, while 
the stress of the two remaining panels on the right, 
equals 4|W-, and on the left 2JW~, and zero, respect- 
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ivoly. Then, a<»«5iiming'W="4?(?', the stresses of res- 
pootivo portions of lower chord due to a max. gross 

load, in terms of ir', equal ir'— with the coefficients 
44, SO, 26, 18, 10 and ; showing that the tension of 
i'h i.\Minteracts over J the tendency toward tension on 
lower ohonK as to the two middle panels, orer f as to 
iho two next jninels, and substantially the whole, as to 
the renuunin^ jmrts of said chonJ, in a structure ar- 
rau^v^^tsl lis ill Fig. 71, and with ur = Stf^. 

l^n the oihor hand« the minimum tendencv to ten- 
siv^u vHX the two middle |\inel lengths of lower ciiocd, 

U 11a'. IIcnot^ the compres^on of f^er'— cpt?a dioee 
jvirt^ due tv> ;;ie hv^riroiiul aecion of <f6^ is r«iiT«^«d hj 
^uch leuvicaov to te«is:oti\ to -■ 25-11 ^r'—- = l-kif'^ z 

aud^ :v> »i3-&> v-'—.^l^J^r— uroa sacc«e«^32r ;}anfiL- 
lett^thsv ci:her wuv, while forsao-Hfeiiiaxranei-Ienirtas 
tv>wur'i 7^ :he ov.\::l£-*E^itri? of x'^'— in? 1>^. i*}^ ia«i 2K. 

JL^ ■.» ... . . . ^*- •-■ .,»^.>« » » -J *■ -^ ^'~r • 

";■.;:■> . :' : ; /•■*,• :j ; *•:. -•:C* -':" '^ ir til-- rir*: lijle. 

- - «■ • ■ " * 
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(^LXXI. If cd have half the length of aft, its weight 
will balance the half (gC)^ of ab next the turn table, 
while the half Cb must be counterpoised by extra weight 
upon erf, having moment equal to that of C6, with res- 
pect to a transverse axis through the centre of motion; 
and the stress of fd will be determined by its length, 
and the weight sustained by it. In case the extra 
weight be uniformly disposed upon the two outer pan- 
els, J of it, together with J the weight of the arm cd\ 
(= 2\w'\ must be sustained by rff, and the weight of 

ballast will be 5m?' x^||-±4^, 4 of which, added to 

2Ji6?', equals the weight sustained by /rf, whence we 
obtain the tension of /rf, its horizontal action, and the 
complementary horizontal action of ce, required to ba- 
lance that of eb. 

In this case, the members meeting at the points e 
and/, should have unyielding connections by pins and 
eyes, or screws and nuts. But in case of equal arms, 
d/eb msiy be continuous cables (usually one on each 
side of each truss), attached at b and d, and acting by 
simple pressure at e and /, those points being strutted 
apart by a force equal to 5z^' (=• vertical pressure at e), 

X ^, The piece ac should have loose connections at 

the ends (so as to act by thrust only), or what is better, 
should be omitted entirely, and the single pair of diag- 
onals inserted as indicated by the dotted lines fg and 
eh, instead of shorter ones, ce, etc., so as to give free 
and independent action to the trusses either way, by 
a slight springing of the long king posts, as the trusses 
are deflected by load. 

The tension of fd modifies that due to the chord M, 
on the same principle explained with regard to eb and 
gby and to an extent determined by the length ofrfA, 

42 



k 



830 



Bridge Builmng. 



Mmd other conditions, and which can not be expressed 
in a general fonnala. 

CLXXTT. Proceeding to the other case mentioned, 
and which may be illastrated with reference to Pig. 72, 
both npper and lower chords require to be so con- 
structed as to be able to act both by tension and thrust, 
except as to the part across the turn-table, and one, 
two, or three panels either way thei^jefrom, as circum- 
stances may require. 



7b m 




When out of contact with the abutment at ?, the 
dia«]^oiial In sustains (usiiig the accustomed symbols), 
\io'^ and /tO, etc. to 6r, sustain respectively and succes- 
sively 10' with the coefficients 1, li, 2, 2i, 3, 3J, 4, 4 J 
and 5. Those weights determine the stresses of those 
members, due to weight of structure (and also show 

for xy^ a tension of 50?(.''-^, including the horizontal 
action of xz^ if an^^), and show for several of them 
toward the right, their maxinmm stresses. But when 
the end I touches the abutment, and is in position for 
the transit of loads, and weight is imposed upon any 
part between a and 6, the materials yielding more or 
less in consequence of elasticity, a portion of such 
weight bears at I, and the remiiinder at a. 

If the upper chord were relaxed between x and ?/, 
the respective portions of weight bearing at a and i 
could be readily determined, being the same as in case 
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of an ordinary truss. But the portion of chord xy 
being under tension equal to 50m?'—, aer already stated 
(regarding the abutment as sustaining no weight of 
structure), the truss must act in the manner of a beam 
continuous over one support, and discontinuous at the 
next, BO that, when loaded, there will be a meutral 
point where the action upon chords changes from ten- 
sion to thrust and the contrary. 
Now the tension of arj/+hor. action of xz^ 6qual to 

50i^'— , must be exhausted b}' the hor. ac. of hx^ ex etc., 
before any compressive action can take place upon thd 
upper chord. In other words, diagonals incliuihg to 
the left, with truss fully loaded from a to i, must exert 
a hor. action at the upper chord greater than ttose 
inclining to the right (including with the latti^r the 

hor. thrust of im), by 50i(?'— . 

Then, assuming all the weight at the points «, J, ^, 
and \ of that at g^ to bear at ^, and all at the six points 
from (f to 6 inclusive (except |^ W at g)^ to bear at a, 
the horizontal action toward the left upon th« upper 

chord, equals 7W-^ ; and that toward the left, 19JW-^ ; 

the difference being 12JW—; and if 'W=s4w', then 
12JW = 50?«?', showing that the action toward the right, 
upon the upper chord, is just equal to that toward the 
left, including in the latter, the action of xy and xz. 
Ilence it will be seen that under the conditions here 
assumed, the horizontal action of w?, w?/, mi and vg^ is 
just equal to that of ^r, fs and ei in the opposite direc- 
tion, and couvsequently, im alone of the upper chord is 
subject to compression, and el alone of the lower chord, 
subject to tension, while de and id are neutral ; ad al- 
ways under compression, and \nj always under tension; 
Binee this condition of load obviously throws a greater 
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bearing at I than can occur when the opposite arm is 
wholly or partially loaded, so as to bring greater ten- 
sion upon xi/j and exert greater counterpoise action 
upon the arm al. Hence this condition gives the max- 
imum compression upon the upper, and the maximum 
tension upon the lower chord. 

CLXXm. What the difference in amount of bear- 
ing at I may be with both arms fully loaded, can not 
easily be determined with precision. But as to Fig. 
72, it is deemed entirely safe to assume that at least 
all the weight at j and k will bear at ?, in all cases of 
load sutficient to produce a maximum strain upon any 
part of the structure on the right from the point a; 
and that all the weight from b to i, including those 
points, may bear at a. This will depend somewhat 
upon the firmness with which the ends are brought to 
bear upon abutments when in position for use, but 
without load. 

Under the above supposition as to bearing at /, the 
obliques ml and wj would exert horizontal action equal 

to 3W— , and equal to that of ig, and half that o{ gr in 
the opposite direction; whence gl alone of the lower 
chord is under tension, and rm of the upi>er chord, 
under compression ; but in neither case under maxi- 
mum stress. On the contrary, ag is under compres- 
sion, and rx under tension, being in each case a maxi- 
mum stress upon a considerable portion of those parts, 
as will be determined by comparing the strains of 
respective parts in the present assumed conditions, 
with those obtained while the structure swings clear 
of abutments. 

Representing, as usual in this work, the lo!ig diag- 
onal by D, and the short and steep ones by d', we have 
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— and— factors in expressions of stresses of those 
elxsses of members respectively, and for convenience, we 

will substitute m for- and n for — . Then, stress of iq 

9 9 * 

and gr^ in case of full load upon both arms, equals 
"Wm, for each ; That of fs and et equals 2 Wra, that 
of da an ex equals 3Wm, and that of 6a: equals 4Wn. 

CLXXrV. As to the stress of chords, half the hori- 
zontal action of ^r, being taken by the excess of thrust 

of mr over hor. action of fj,* the other half, TssW— ], is 

opposed by tension of rs, and compression ofgf. This 

added to 4Wp for hor. action of /sf (making — = p)^ 

makes 5Wp =■ tension of 5/,= comp. offe. Add 4Wp 
for action of et^ and it makes 9Wp ~ tension of tu^ « 
comp. of ed. Adding again 6Wp for hor. action ofdiiy 
gives 15Wp -= tension of wx, = comp. of de. Then, 
adding 6 Wp for action of ex^ gives 21 Wp = comp. of 
6c?, and lastly, adding 4Wp for action of 6a:, we have 
25Wp = comp. of baza\ = horizontal action of xy and 
xz. This all fulls upon xy in case of equal arms. 

In one or other of the three cases above considered 
(namely : first, arm swung clear and without load ; 
second, arm xl fully loaded; third, both arms fully 
loaded), every part of the arm xl undergoes its great- 
est strain, which may be determined by comparing the 
results obtained by computing the strains produced in 

* The 2W upon ml, and IW upon jm, produce thrust equal to 
8 W~ upon mq, which equals the horizontal action of iq, -f- lialf thai 

of gr in the opposite direction, leaving W— to be opposed by tension 

of VB. 

t/« sustaining 2W, its horizontal action ■« 4W— , 
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the several cases ; § except that ep and fo may suffer 
a noiuiual stress, not precisely determinable, under a 
load progressing from a to L Also gn may sustain 
some more weight with i^j and k uuloaded, than with 
the trass fully loaded. It is deemed safe to provide 
that gn he able to sustaiu a weight of fW; /o, to sus- 
tain jW, and epy JW, a little more or less as the judg- 
ment or calculations of the designer maj' dictate. 

The preceding explanations are thought to be suffi- 
cient to guide as to the computation of stresses upon 
the other arm of the bridge, whether equal or unequal 
to the arm al. 

The superstructures of swing bridges should be 
thoroughly cross-tied and braced laterally, and the 
king posts (represented by ax and yz)y well secured by 
arch braces or other efficient means transversely : and 
if the space a2 be too great for floor joists or rail string- 
ers without intermediate support, an internjediate beam 
may be suspended from the crossing point of ag and 
zz, or stringers may be trussed. 

CLXXV. Whatever advantages either of these plans 
(Figs. 71 and 72), may have over the oti)er, are pro* 
bably not very great. I find a greater amount of ac- 
tion (stress into length of parts), upon material in 
cliords of the long arm, in plan Fig. 71, including the 
suspension rod eb, than in that of Fig. 72, by some 6 

^ It win be seen that tii is under leas tension strain (as 2Siifp to 

tGnf[>), and ts under greater strain (as 21 to 20), when the truss is on 

the swing, than when fully loaded on both arms (upon the above 

iflsumptions of w^'iw', and 2W bearing at I), and that tn has the 

nax. tension with bri ige on the swing, while tx has its maximum 

dth l)ridge fully loaded. 7nn is always under c<Mnprespion. In the 

ower chord, e is the changing point, and parts at the left have their 

lax. comp. with bridge fully loaded, and those on the right, when 

Q the swing. 
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per cent And while the action upon diagonals and 
verticals may be a little greater in case of the lattei^ 
the extra material in the tower frame of the former, it 
thought to be an overbalance for any such excess, evett 
including the greater thrtist and tension in the con^ 
tinuation of chords over the turn-table, which takes 
place in plan Fig. 72. 

In regard to convenience of construction and appear- 
ance of structure, also, as well as economy of material, 
the latter plan is thought to possess some advantage* 
Still opinions and tastes may vary as to this, as well as 
in regard to other matters. 

Regarding the ratio of length to depth of truss, the 
same rules should govern iq plan 71, as in the case of 
stationary bridges of like span. In spanning channels 
of 50 or 60 feet in width, on plan 72, the head room 
required for the traffic will govern, and depth from 15 
to 18 feet, according to span, and the purposes of the 
bridge, whether for common or railroad travel, will 
probably be found expedient. In general, circum- 
stances will probably dictate a variation of ratio (of 
depth of truss to length of span), ranging from J to J. 

Turn Tablb. 

CLXXVI. The same plan of turntable is applicable 
with equal advantage to either of the two above de- 
scribed plans of swing bridge trussing. 

A common, perhaps the most common, form of turn- 
table for draw bridges, is composed of rollers ao^ 
Fig. 73, arranged in circular form, and rolling between 
two metallic circular rails, of which one, 66, is fastened 
to the supporting pier p^ and the other, cc, inverted, 
and attached to the under side of the bridge super- 
structure. 
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The rollers are in the form of conic frasta, or seg- 
xnents of cones having their vertices meetii^g at the 
axis of motion of the bridge ; and are retained in posi- 
tion bj arms radiating from a central hub, and serving 
M axles for the rollers ; or secured by a circular frame. 

Fig. 73. 




ff^ formed of two concentric iron rings (shown com- 
plete in the upper, but only in section in the lower 
diagram of Fig. 73), one inside, and the other outside 
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of the circle of rollers. The rollers may either turn 
upon pins through their centres, and through said rings, 
or the pin or shaft may be fast in the roller, and turn 
with it upon journals running in gudgeon boxes 
attached to or formed in the circular frame /. The 
pins or axles may be quite small (say 1" to 1 J in dia- 
meter), as they support but a nominal weight, and are 
only required to maintain the proper positions and 
directions of the axes of the rollers. 

The roller frame, as well as the upper circular rail 
running upon the rollers, must be connected with a 
centi*al hub for each (as they do not turn together), 
turning upon a journal or pivot attached to the ma- 
sonry of the supporting pier. The rails, or surfaces 
between which the rollers work, are beveled to fit the 
conical faces of the rollers, and, in order to work in 
the most perfect manner, they should be of cast iron, 
and turned off by a tool carried by the arm of a Jieavy 
revolving vertical shaft. 

The diameter of the circle should not probably be 
less than i to ^ the span of the water channel, nor less 
than f to ^ the width of superstructure, and the dia- 
meter of the rollers, not greater than ju to J of the 
radius of the circle upon which they travel. Greater 
diameter would give so much obliquity of face as to 
produce too strong a centrifugal tendency. The face 
of the rail should have a width of 2J to 3 inches 
generally, and for some 30° opposite each king post 
(transversely of the bridge) when the draw is in position, 
a width about twice as great, and as great as the face 
of the rollers. This is toffive suiBcient bearino: surface 
while loads are passing, when nearly the whole weight 
will be concentrated upon two or three rollers near 
each of those positions. 

43 
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The lower rail sliould have a depth (if of cast iron), 
of 4 to 5 inches, according to size of bridge; aud the 
upper and inverted one, of one to two feet (the deeper 
the stifter), and in both cases, they will generally be 
cast in segments, and those of the upper one, bolted 
together by flanges, so as to form a rigid hoop, over 
which one or m(»re strong beams, jBJ5, crossing at quad- 
rantal points ee^ etc. (or at the angular points of any 
rectangle inscribed in the circle), should form supports 
for the king posts {ag^ and cA,Fig. 71), the space ^/i, being 
adjusted to an equality with the side of the inscribed 
square or rectangle of the rail circle. And, the nearer 
the transverse distance between king posts comes to 
the length of the other sides of the said inscribed square 
or rectangle, the less stiftness of beams, BB^ is required; 
that is, CCy F. 73 representing truss chords, and dd^ the 
positions of king posts, the nearer the d points come 
to the e points, the less is the transverse action upon 
the beams BB, Hence it is desirable that the circle of 
rollers should pass directly under the points dd^ etc. 

CLXXVIIL An intermediate beam mav be in- 
serted between jBjB, and over the centre pivot, resting 
upon the circle cc, to support floor joists or rail 
stringers over the long stretch between BB, Or very 
stiff diagonal girders ce^ and eV, firmly attached by 
the ends to the circle ec, meeting a common nucleus at 
H, and so arranu:ed as to have an adjustable bearins: 
upon the centre pivot (5 or 6 inches in diameter, as to 
size of draw), enabling any desired amount of the 
weight of structure which such girders can support, to 
be thrown upon said pivot, and thereby relieving the' 
rollers, «, of a like amount of pressure. These girders 
should have the greatest practicable depth, so as to sus- 
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tai» as great a proportion of the weight of superstruoi 
ture as may be. But the skill and judgment of engineer* 
in charge of specific cases respectively, will dictate as 
to the minutiae of these devices, and more precise de- 
tail will not be attempted in this place. 

CLXXIX. This plan of turn table, as well as the 
one hereafter to be described, is worked bv a vertical 
shaft attached to the superstructure, and turned by one 
or more sweep levers, with a pinion at the lower end, 
taking into toothed segments attached to the circular 
track 6, or to the masonry of the pier^;; and, in case 
more power be required, a gear wheel takes place of 
the sweeps above mentioned, and these are transferred 
to a second shaft and pinion working into said gear 
wheel. 

The table above described, with slight modifications, 
is extensively in use, and, when well constructed, un- 
doubtedly works as easily and satisfactorily as can be 
expected. Still, it is liable to some objections, among 
which may be named the great weight of the ring ec, 
constituting or carrying the inverted rail, and the great 
number of rollers, a, so few of which can act with much 
effect at the same time. For, it is obvious tliat about 
two rollers under each king post, support essentially 
the whole weight. It is therefore proper that vrhen 
the bridge is in place, each king post should stand cen- 
trally between two consecutive rollers; and, that the 
rollers be at equal distances apart. Then there will 
be at least 8 rollers under equal pressure at all times 
when loads are in transit, and when rollers receive their 
greatest pressure. But without discussing this plan 
further at present, I proceed to describe another swing 
bridge turn-table devised many years ago by myself^ 



840 BfiiDaE BciLDiira. 

and need in a conBiderable namber of caees with mo!^ 
flatJB&ctor; results. 




The WnipPLB Tuhn Table. 



CXXX. Is arranged with a two wheeled truck a. 

Fig. 74, directly under each Isiiig iiost, and tlie four 
coiinectodin pairs diiigoiially by an inverted tnaiigulnr 
truss to each pair. These trus-ses consist of a holiow 
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cylindrical (or conic segmental) brace 6, running from 
each truck frame obliquely downward to an abutting 
block e, which is common to the two trusses, with 
chords or ties rf, from truck to truck for each pair. 

The truck wheels are from 20 to 24 inches in dia- 
meter, with 6 to C inches width of rim, and with short 
axles or shafts, 3 to 4 inches in diameter, according to 
dimensions of bridge. The axles run in journal boxes 
fitted to the truck-frame so as to bring the axles in the 
direction of radii to the circular track tj upon which 
the trucks are to run. 

The truck frame consists of two cast iron side plates 
(of which g and h present an outside and an inside view), 
of an I formed cross section, and contour as seen at g. 
These plates upon the insides, have projecting portions 
as shown by the dark surface of diagram hj meeting 
from opposite plates, in the centre of the frame at a 
common surface of contact, and forming continuous 
tubes or sockets through the frame, which serve as 
media through which the ties rf, act upon the cylindri- 
cal braces 6, thus forming a rigid truss, which should 
be so proportioned as to be able to support (upon the 
two trusses), the whole weight of superstructure, throw- 
ing it upon the centre block c. 

The chord ties d, of the two trusses, crossing one 
another upon the same level, are kept from mutual in- 
terference by cutting out the middle portion of one 
set, and replacing ihe removed part with two pieces to 
each tie bar, one passing above and the other below the 
single continuous rods of the other set, as shown at/. 

The block c has a cylindrical cavity in the under side, 
10 to 12 inches in diameter, and about 7 inches deep, 
into which is fitted (loosely) a solid cylinder entering 
about 4 inches into the cavity, and leaving a space of 
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structure to be raised essentially free from bearing op 
some 3 inclics in thickness above, to be occii])ie(l by 
tbe nuts of a number of set screu's s, intended lo force 
down said internal cylinder upon the bed plaCe 2, iind 
thus relieve the truck wbeels from nearly all the weiglit 
of superstructure. 

The bed plate /, has a socket or step | af an inch 
deep, or thereabouts, with a hardened steel plate iu tlie 
bottom, to receive the lower part of the cylinder bear- 
ing upon the plate ?', where the diameter of cylinder 
and socket should be graduated to the proportion most 
favorable for reducing the aitionnt of friction. A di- 
ameter of 6 to 8 inches is thought to be suitable for 
draws of 60 to 100 feet opening, wlille the part of thd 
pivot block within the block c should Imve a diameter 
of 10 or 12 inches, in order to afford sufficient surface 
for the set screws s to act upon. 

The bed plate /, should have a rim about the step tore- 
tain oil, niid the surfaces above and below the steel plate 
should have radial grooves to allow the penetration of* 
oil; and these (grooves) should bo so situated as to admit 
of their being probed, to prevent their getting cloggerl. 

The })ivot block should have guides to prevent its 
turning in the cavity of the block c ; otherwise it might 
stick ill the step, and the set screws slide upon its upper 
surface ; which has been the case in some instances. 

A o-roove should be formed in the under side of the 
block c, near the edge, to keep the water from the pivot ; 
and the screws 5, should be kept secluded from water 
'by a tin, or galvanized iron cap shutting over a rim or 
ring cast upon the block c, outside of the screw holes. 
Sufficient vertical movement (IJ- or 2 inches), shcmld 
be allowed to the pivot cylinder, to enable the elasticity 
of the braces and ties, b and d^ to be taken up, and the 
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on the wheels «, as the bridge will move much more 
easily with the bearing upon the centre pivot, than up. 
on the truck wheels. 

The king posts should be placed over the centres of 
trucks, or, when this can not be done, they should bear 
upon transverse beams which bear upon centres of 
trucks. In all cases, the bearing upon trucks should 
be through the medium of bolster plates so formed up- 
on the under side as to touch the truck frame only up- 
on a space an inch wide or less, square across the centre, 
as indicated by the parallel lines across the trucks in 
the large diagram of the Figure 74. Were the pressure 
applied in a line diagonally across the truck, it would 
act unequally upon the journals, and produce a tortion 
strain upon the truck frame, which the latter might 
not be able to bear. 

Particular care should be taken to provide convenient 
means for keoj/nig the working parts thoroughly oiled. 

The superstructure being properly adjusted and 
balanced upon this turn-table, and the set screws 5, 
forced down until all the truck wheels can be easily 
made to slide upon the rail by the use of a light crow 
bar, the structure will turn upon its centre pivot, 
steadied by contact of truck wheels upon the rail, 
with the least practicable resistance, and, during the 
transit of moving loads, the wheels, being in contact 
with the rail, are in readiness to sustain the additional 
weight without increase of pressure upon the pivot, or 
increased strain upon the diagonal trusses. 

The modes and means for the application of power 
in working this table, as well a« the proceeding one, have 
already been dcscril)od,[(/LXXTX], and the (loscrii)tion 
need not be re[K5at(H). They ]h*oa\ no illnsf ration by dia- 
gram, and are not shown in the drawings. 
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The plan, Fig. 74, requires the middle portion of tlio 
supporting pier to be depressed 1^ to 2 feet, as shown 
at p, where a vertical section of the upper part of the 
pier is represented; and, under the bed plate e, should 
be a large and firmly bedded stone capable of sustain- 
ing the whole weight of superstructure. 

This plan appears to answer all the requisites of a 
draw-bridge turn-table by the most direct and economi- 
cal means. 



Lift Draw Bridget. 

CLXXXI. Under this designation may be included 
all movable bridges which are withdrawn from position 
by being raised, instead of moved horizontally out of 
place. 

Lift bridges, though not much in use at the present 
day, have been constructed to be raised bodily, being 
counterpoised by weights acting over pullej's or sheaves ; 
a plan scarcely feasible upon waters navigated by mast 
vessels, or steamers with high smoke stacks; as must 
be obvious on a moment's reflection. 

The more common device for lift draws, is, to raise 
the platform from a horizontal to a vertical position, by 

lifting one end, while the other turns upon a hinge 
joint ; the operation being like the raising of a trap- 
door. 

This plan is feasible over narrow channels, where 
vessels may be slowly warped through. But the pro- 
cess requires so much time as to seriously impede the 
land traflfic. A bridge may be so balanced as to turn 
upon a horizontal axis about as easily as a swing bridge 
turns upon a vertical one. But the means available 
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for applying the counterpoise are far less convenient, 
being usually the action of weights over sheaves, and, 
the resistance constantly diminishing as the bridge 
rises, it requires a complicated arrangement to graduate 
the action of the counterpoise to an equality with the 
resistance at all stages of the movement. Still, the 
thing may be practicable, were the object of sufficient 
utility to warrant the undertaking. For instance, the 
counterpoise may be permanently attached to the draw 
in such position as to bring the common centre of 
gravity in the line of the axis of motion ; when the 
only resistance would be the friction of the journals at 
the hinge joint. Again, a counterpoise acting upon a 
windlass might raise the draw by chains winding upon 
a fusee, with radius increasing as resistance diminishes. 
Or, weight might be mounted upon wheels, and run 
down upon a curved incline, so adjusted as to diminish 
its action to an equality with the resistance at the dif- 
ferent stages. 

But none of these devices are suitable for eflfecting 
more than very small openings, and are not likely to 
be often adopted. They will therefore be passed by 
with a mere allusion. 

Lift bridges have also been constructed to open in 
the middle and lift both ways. By this means wider 
openings may be effected. 

But, as the middle portion of the bridge and passing 
loads must be sustained by the lifting chains, this plan 
is not well adapted to any but light traffic. Such a 
structure over the Albany Basin broke down many 
years ago with fatal results. Perhaps, however, tne 
catastrophe resulted rather from the imperfect condi- 
tion or faulty construction of the bridge, than from in- 
herent defects of the general plan. 

44 
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. Still, this can hardly be classed as among the availa- 
ble plans of draw-bridge constroction in the presient 
state of advancement in civil engineering. 

Finally, unless some advantage can be derived from 
the use of the Whipple Patent Lift Drawbridge, which 
is now about to be described, we may fairly conclude 
that Lift Draw-bridges, like retractile ones, are to be 
regarded as practically obsolete, 

CLXXXIl. In the case of artificial navigation by 
horse power, where only head room of 10 or 12 feet is 
required, and where convenience requires the grade 
upon which the land traffic is carried on to be but little 
above the water surface, it is only necessary to effect 
a vertical movement of a few feet, to afford the re- 
quisite head room. And to meet such cases, a plan 
has lately been devised by myself, for which Letters 
Patent of the IT. 8. have been granted. 

Whipplb's Patent Lift Draw Bridge. 

This plan is, to construct over the navigable channel, 
stationary trusses (with the necessary struts, stays and 
braces, at the ends and upper chords, to secure per- 
manance and steadiness laterally), upon corner posts or 
towers (a, Fig. 76) of stone, wood or iron, high enough 
to allow the required head room for navigation under 
the truss chords; the towers having sufficient width 
of base, or other provision to ensure stability. To 
the parts thus prepared, instead of a stationary travel- 
tray, a movable way, cradle, or track, 6, (extending to 
the edge of the towing path i), is adapted by means of 
the suspension rods r, to the upper ends of which. 
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near the lower chords, are connected the chains or 
ropes (?, passing over the sheaves or pulleys e^ and con- 
necting with counterpoise weights Wj extending over 
the whole length of cradle, and so adjusted as to just 
balance the weight of cradle. 

The rods r, except those near the abutment, pass 
vertically through the connecting blocks of the truss 
chords, and screw into cap pieces which are imme- 
diately above, and rest upon said blocks, when the 
cradle is down, and serve to prevent the cradle from 
descending below its proper level, and to sustain the 
weight of transient loads without additional stress 
upon the chains or pulleys. 

The cap-piece is furnished with a loop, or a socket, 
as may be required, for the connection of the chain or 
wire rope (?, passing up inside of the hollow truss 
post standing upon the connecting block; the post 
having a slot, or opening near the upper end upon the 
inner side, to receive a segment of the sheave reaching 
the centre of the post. 

The sheaves, except the endmost on the left (in the 
diagram), are about 3 feet in diameter, and made fast 
upon longitudinal line shafts ?, one on each side of 
thQ bridge, hung in composition journal boxes, one 
upon each side of each sheave, suspended from cross- 
beams h. The sheave next the end of truss, is aboul 
6 inches less in diameter than the others, and thrown 
inward to avoid interference with the diagonal rods of 
the truss. 

Upon each line shaft near the centre, is a bevel gear 
wheel ^, about 3 feet in diameter, into which works a 
pinion upon either end of the transverse shaft /, to 
which (shaft) the power is applied for raising and 
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lowering the cradled; and, it will be seen that on 
8U(;h application of power sufficient to overcome the 
friction of the working parts, the cradle being exactly 
balanced by the weights w^ the two line shafts, with 
the sheaves upon them respcQtively, must revolve uni- 
formly, carrying the ropes along in the grooves of the 
sheaves, and raising or lowering all parts of the cradle 
uniformly, while the balance weights Wy move in the 
opposite direction. 

It is therefore only necessary to reverse the motion 
of the shaft/, to move the cradle up and down alter- 
nately as often as required. 

The sheaves not connected with the line shafts, move 
with the others, the cradle being stiff enough to over- 
come the small resistance at those points, since the 
endmost sheaves sustain only half as much weight as 
the intermediates. 

Working loose upon the shaft/, is the large gear 
wheel «, attatched to the winding drum /w, and carry- 
ing a reversible spring catch (not shown) which plays 
into the teeth of the ratchet wheel o, made fast on the 
shaft/. Then, by applying power to the wheel n, 
with the catch in the proper position, a line is made 
to wind upon the drum m, (in either direction, as rer 
quired) so as to raise a power weight /?, capable by its 
descent, of raising or lowering the cradle through the 
required space in a few seconds of time. The line 
raising the weighty, is carried from the drum m, by 
means of sheaves 5, to any convenient position. 

One movement of the cradle being effected, the 
catch is reversed, the weight p is immediately wound 
up in the opposite direction, and retained by a catch 
or bolt until the draw requires another movement. 
Then, the weight is disengaged, and the movement 
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effected in the least admissible time. Ten aeoonds, 
with a properly adjusted power weight, is estimated to 
be sufficient for a movement of the cradle tbroa^h ^ 
space of 12 feet, while the winding up of the weight 
may require two or three minutes labor of a man. The 
op^^rator is thus enabled to condense the labor of 
s^yeral minutes into only a few seconds. 

It is proposed to give the power weight twice the 
force necessary to overcome the friction, allowing one- 
balf to overcome inertia, and act as an accelerating 
force; the weight being made to run down and b^ 
arrested when half the movement has been effected, 
leaving the acquired momentum to be destroyed by ' 
the friction during the other half of the movement. 
Thus the motion w^ill stop at the right time without 
coucussive shock. 

The wheel w, to which the winding power is applied, 
may be a bevel gear wheel driven by a pinion upon the 
vertical shaft of a tread-wheel or a sweep-lever, or a 
spur gear wheel impelled by a pinion upon a horizon- 
tal counter-shaft; and this also furnished with a large 
gear wheel to be driven by a pinion upon a third shaft 
furnished with a hand crank; thus reducing the 
power to be applied to tne crank to any required de- 
gree. Further detail is not deemed necessary on thia 
occasrion. The plan is expected soon to be subjected 
to a practical test of its capabilities. 

The advantages promised by the adoption of this 
device, in the situations admitting of its use, are, first, 
it is more cheaply constructed than a swing bridge of 
like span. Second, it requires no more space for its 
')peration than a stationary bridge, while the swing 
iraw requires several times as much. Third, its move-r 
jaent is ettected in a fraction of the time required by 
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any other draw bridge, whenoe it oocaaion9 leas inter- 
ruption to th^B traflic over and beneath it. This la^t 
advantage results from the fact that there U not mor^; 
than one-third as m^ich weight to be put in motion, 
and that is require4 to wove over little if any more^ 
than one quarter (say f ) of the space of the averagt^ 
movement of the material of a swing draw of the same 
spun. Hence, the inertia to be overcome in starting 
and stopping the latter, is much greater than in case 
of the former. For, the resistance of inertia being as 
the mass into the square of the velocity to be commu- 
nicated in a given time, to give to thrice the mass, 3§ 
times the velocity, as required to shift these draws re- 
spectively in the same time, would give a resistance ot 
inertia more than 36 times as great in one case as in 
the other, and require 36 times as much power to 
generate the velocity in the given time. But an ac- 
celerating force equal to the friction, acting through 
half the time of the movement, generates a momentum 
in the lift draw, sufficient to overcome the friction for 
the other half; and, the friction of the swing draw 
being little if any greater for the whole movement 
than that of the lift draw, it would only destroy ^\ part 
of the momentum generated in the swing draw during 
the first half of the movement, by a force capable of 
producing that movement in the same time required 
by the lift draw. The other |f of the acquired 
momentum must be destroyed without useful effect, 
in order to avoid severe concussion at the stopping 
point, while in the other case the whole acquired mo- 
mentum may be utilized in overcoming necessary 
friction, so that no power need be wasted. Therefore, 
without extending this discussion, already, perhaps, 
carried too far, it may safely be pronounced practically 
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impossible to eflTect the movement of the swing draw, 
ia the time in which that of the lift draw may be ac- 
complished. 

After all, practical test is generally the only satisfac- 
tory means of determining the value and utility of any 
mechanical device. 
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Practical Treatise on the Construction of Beads, Streets, 

and Pavements. 

With 70 illustrations. 12mo, cloth 2 00 

Beport on Siarength of the Building-Stones in the United 

States, etc. 

8vo, illustrated, cloth 1 50 

Coignet Beton and other Artificial Stone. 



9 plates, views, etc. 8vo, cloth 2 50 

Fort Sumter. 



Oflficial Report of Operations ag^nst the Defences of Charleston Harbor, 
18G3. Comprisinj^: the descent upon Morris Island, the Demolition of 
Fort Sumter, and the siege and reduction of Forts Wagner and Gregg. 

With 70 lithographic plates, views, maps, etc. 8vo, cloth 7 S) 

Half Russia 12 00 

Supplementary Beport on Fort Sumter. 



Supplementary Report to the Engineer and Artillery Operations against 
the Defences of Cliarleston Harbor in 1863. With 7 litnographed maps 
and views. 8 vo, cloth 3 50 

Siege and Beduction of Fort Pulaski, Georgia. 



Illustrated by maps and views. 8vo, cloth 2 50 

GOODEVE, T. M.— A Text-Book on the Steam-Engine. 

143 illustrations. 12mo, cloth 2 00 

GORDON", J. E. H.— Four Lectures on Static Induction. 

12mo, cloth 80 

GBAFTON, Capt. HENBY D.— A Treatise on the Camp and 
March. 

With which is connected the Construction of Field- Works and Military 

Bridges. 12mo, cloth 75 
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